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EDITOR’S  VIEWPOINT 


Kreshover  (p.  798)  applied  tobacco  smoke 
to  the  skin  of  mice  and  confirmed  his 
earlier  observation  of  increased  susceptibil¬ 
ity  to  irritation  in  vitamin  B  complex  de¬ 
ficient  animals.  Riboflavin,  pyridoxine  and 
pantothenic  acid  appeared  to  be  primarily 
responsible.  Gonadectomy  reduced  suscep¬ 
tibility  to  tobacco  irritation.  Heat  was 
ruled  out  as  a  probable  cause  of  tissue 
change  in  these  animals  for  the  temperature 
rise  on  the  tissues  was  only  1.8®  Centigrade. 

Some  very  interesting  structures  may  be 
observed  from  electron  microscopic  studies 
of  dentin  by  replicas.  Yasuzumi  and  Obata 
(p.  808)  show  a  nonfibrous  membrane  about 
Tomes’  fibers,  the  structure  which  they  inter¬ 
pret  as  the  controversial  sheath  of  Neumann 
surrounded  by  collagenous  fibers.  Uncalcified 
coliagen  fibers  appeared  in  the  dentinal  matrix 
and  tubules.  These  and  other  studies  by 
electron  microscopy  are  still  not  fully  inter¬ 
preted  and  one  must  be  cautious  in  draw¬ 
ing  conclusions  until  the  photographs  are 
compared  with  studies  made  chemically,  by 
x-ray  diffraction  and  by  polarized  light, 
among  other  technics. 

Spectrographic  analysis  gives  information 
on  elements  in  “trace”  amounts.  Using 
ham.ster  teeth,  Burnett  and  Lobene  (p.  814) 
searched  for  34  possible  trace  elements.  Of 
these,  17  were  found  consistently  in  enamel 
with  two  others  noted  on  occasion.  Dentin 
showed  16  elements  regularly  and  3  occa¬ 
sionally.  Of  course,  calcium  and  phosphorus 
were  the  major  elements  with  manganese, 
sodium  and  iron  also  above  0.1  per  cent. 
Studies  of  trace  elements  may  lead  to  in¬ 
formation  on  variations  in  caries  susceptibil¬ 
ity  (or  acid  solubility)  and  to  better  means 
of  controlling  dental  caries. 

Hartles  and  Leaver  (p.  820),  investigat¬ 
ing  the  fluorescing  fractions  of  sperm  whale 
teeth,  identified  thymine  in  cementum  and, 
to  a  lesser  degree,  in  dentin.  An  ether 
soluble  basic  pyrimidine  was  also  found  in 
dantin.  They  suggest  that  these  pyrimidines 
may  be  derived  from  nucleoproteins  and 


that  odontoblastic  processes  may  be  in¬ 
volved.  Studies  of  the  organic  fractions  of 
hard  dental  tissues  have  been  sparse  and 
this  approach,  using  larger  teeth,  may  help 
to  supply  important  information. 

Photoelasticity  has  been  applied  in  in¬ 
dustry  and  in  science  to  measure  stresses. 
Mahler  and  Peyton  (p.  831)  discuss  the 
principles  involved  and  the  application  of 
photoelasticity  in  dentistry.  Since  prepara¬ 
tion  of  their  paper  Haskins,  Haack  and 
Ireland  have  published  a  photoelasticity 
study  of  dental  restorations  (J.  D.  Res.  33: 
757,  1954). 

Phillips,  Phillips,  and  Schnell  (p.  839) 
summarize  their  study  of  electric  conductivity 
of  dental  cements,  and  conclude  that  cement 
bases,  cavity  liners,  and  silver  nitrate  fail  to 
inhibit  conduction  of  electricity  through  the 
tooth.  The  tooth  itself  is  a  good  conductor. 
Pain  resulting  from  electrical  currents  pro¬ 
duced  by  dissimilar  metals  ceases  when  the 
tooth  protects  itself  by  sclerosis  of  dentin, 
secondary  dentin  or  other  means. 

Following  a  clue  from  industry,  Buoncore 
(p.  849)  used  phosphoric  acid  and  phospho- 
molybdate-oxalic  acid  on  enamel  surfaces, 
in  vivo,  in  an  attempt  to  increase  adhesion 
of  acrylics.  The  former  increased  adhesion 
from  an  average  of  11  hours  to  1,070  hours. 
While  not  resulting  in  positive  adhesion  the 
use  of  phosphoric  acid  is  suggested  to  im¬ 
prove  se.aling  of  acrylics  in  pits  and  fissures. 

Silberkweit,  Massler,  Schour  and  Wein- 
mann  (p.  854)  utilizing  the  growing  incisor 
of  the  albino  rat  as  a  tool  for  testing,  state 
the  effects  of  various  filling  materials  on  the 
dental  pulp.  Their  findings  are  comparable 
with  those  obtained  on  human  teeth  and 
teeth  of  other  animals.  Zinc-oxide  and 
eugenol  appears  to  minimize  injury  to  the 
pulp  while  silver  amalgam,  self-curing  acryl¬ 
ic,  silicates  and  copper  cements  led  to 
pulp  damage.  A  calcium  hydroxide  liner 
gave  evidence  of  some  protection  against 
injury  by  silicate  cements.  This  observa¬ 
tion  is  worthy  of  more  intense  investigation 
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as  some  clinicians  have  been  using  this 
material  as  a  cavity  liner  on  an  empirical 
basis. 

Based  on  casual  observations,  an  associa¬ 
tion  between  socio-economic  level  and  dental 
caries  has  often  been  claimed.  Savara  and 
Suhor  (]).  870),  from  careful  parent  inter¬ 
views  of  279  pre-school  children,  found  no 
relationship  between  parents’  education  or 
parents’  income  and  dental  caries.  Parents’ 
income  di«l  influence  the  number  of  times 
the  children  brushed  their  teeth  daily.  A 
further  study  of  this  type  on  older  children 
may  reveal  interesting  trends  and  .suggest 
revisions  in  some  of  our  concepts  of  home 
care. 

Studies  in  implantation  of  lactobacilli 
into  the  oral  cavity  are  especially  diflScult 
because  of  the  univensal  appearance  of  lacto¬ 
bacilli  in  mouths  which  permit  their  growth. 
Using  hamsters  on  cariogenic  and  regular 
diets  Palmer,  Laffer,  and  Faber  (p.  876) 
attempted  to  implant  a  laboratory  strain  of 
L.  acidophUus.  Since  all  of  the  animals 
demonstrated  salivary  lactobacilli,  in  reality 
this  was  an  attempt  to  increase  the  numbers 
of  lactobacilli.  The  counts  in  the  animals 
on  regular  diets  were  significantly  different 
for  a  short  period  only.  The  salivary  lacto¬ 
bacilli  counts*  were  closely  related  to  caries 
activity  but  there  was  no  absolute  correla¬ 
tion  with  numl)ers  of  carious  lesions  and 
gross  loss  of  tooth  structure.  The  hamster, 
a  coprophagic  animal,  is  a  difficult  subject 
for  such  studies.  The  oral  flora  of  these, 
and  other  laboratory  animals,  deserves  more 
thorough  investigation. 

Kae,  Shemilt,  and  Clegg  (p.  886)  found 
that  the  optimal  range  for  ^.jimonia  pro¬ 
duction  in  saliva  is  pH  6.5  to  7.0  but  that 
the  inhibitory  effect  of  added  glucose  in 
saliva  is  not  due  to  lowering  of  the  pH 
alone.  They  also  found  that  the  stimulation 
by  glucose  of  ammonia  production  in  saliva- 
urea  mixtures  may  be  the  result  of  the  glu¬ 
cose  keeping  the  pH  near  optimum  levels. 

An  interesting,  and  still  unexplained, 
group  of  studies  on  rats  (p.  889)  has  led 
to  the  finding  that  orchiectomy  at  30  days  of 
age  results  in  significant  reduction  in  their 
dental  caries  and  ovariectomy  at  30  days  only 
tends  to  reduce  caries.  At  60  days  neither 
operation  affects  caries  activity  significant¬ 
ly.  That  these  effects  are  not  due  to 


salivary  gland  reactions  alone  seems  to  be 
shown  by  further  caries  reduction  by  castra¬ 
tion  in  desalivated  animals.  These  results 
of  Bixler,  Muhler,  and  Shafer  may  become 
fully  significant  when  more  is  known  of  the 
reason  for  the  castration-caries  effecta 

Muhler  and  Weddle  (p.  895)  found  that 
as  the  pH  of  fluoridated  drinking  water 
given  to  rats  is  increased  from  2  to  4  the 
effectiveness  of  stannous  fluoride  and  stan¬ 
nous  chlorofluoride  in  reducing  dental  caries 
is  lowered.  Of  course,  such  pH  levels  for 
fluoridated  waters  used  for  community  con¬ 
sumption  do  not  seem  practical,  the  project 
being  part  of  a  long-range  program  of 
fluoride  studies  and  not  directed  at  recom¬ 
mendations  for  public  health  u.se.  Even  at 
higher  pH  levels  stannous  chlorofluoride 
seemed  more  effective  than  other  fluorides 
tested. 

Weddle  and  Muhler  (p.  900)  found  that 
rats  fed  a  given  quantity  of  fluorine  in 
water  once  per  day  stored  more  fluorine  in 
the  skeleton  than  those  fed  an  equal  amount 
daily  but  divided  into  3  doses.  Whether 
frequency  of  intake  of  fluoridated  wmter 
would  result  in  any  significant  difference  in 
protection  from  dental  caries  cannot  even 
be  accurately  conjectured  from  these  data 
but  the  value  of  a  study  of  the  effect  of 
frequency  of  intake  on  caries  rates  is 
apparent. 

Desalivated  rats  show'  histologic  changes 
in  the  adrenal  glands  more  pronounced  in 
the  male  than  in  the  female.  Bixler,  Muh¬ 
ler,  and  Shafer  (p.  910)  suggest  that  this 
may  be  the  result  of  reduced  food  intake 
and  therefore  of  nutritional  nature.  The 
possibility  of  desalivation  affecting  the 
general  adaptation  of  the  animals  should 
also  be  considered. 

Sreebny,  Meyer,  and  Bachem  (p.  915) 
studied  the  enzyme  system  associated  with 
proteolytic  activity  of  the  submaxillary 
gland  of  the  rat.  The  system  appeared  to 
l>e  nonspecific.  Investigations  of  enzymatic 
activity  in  whole  saliva,  as  removed  from 
the  mouth,  are  difficult  to  interpret  because 
of  the  possible  roles  of  salivary  gland  secre¬ 
tion  of  tissues  lining  the  oral  cavity,  and 
of  microorganisms  of  the  oral  flora.  The 
direct  approach  to  the  problem  by  measur¬ 
ing  activity  in  tissue  of  the  gland  is  less 
oblique  and  leaves  less  room  for  controversy. 
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Fliedcr  and  Fisher  (p.  921)  used  the  War- 
l)urg  method  for  determining  the  oxygen 
consumption  of  dental  pulps  from  young 
cattle.  The  oxygen  consumption  they  ob¬ 
served  was  higher  than  had  been  found  for 
human  pulps  and  lower  than  for  most  other 
tissues.  It  is  interesting  that  in  removing 
the  pulps  the  odontoblasts  were  left  be¬ 
hind.  The  odontoblasts  are  more  intimately 
associated  with  the  dentin  than  they  are 
with  the  pulp.  Judging  from  their  histo¬ 
logic  appearance  and  life  history,  one  would 
not  expect  the  odontoblasts  to  markedly  in¬ 
crease  oxygen  consumption  in  the  pulp. 

Schultz-Haudt  and  Scherp  (p.  924)  iso¬ 
lated  streptococci  from  gingival  crevices  of 
patients  with  marginal  gingivitis  and  from 


individuals  with  healthy  gingivae.  Ilyalu- 
ronidase  was  produced  by  almost  one-half 
of  the  strains  from  gingivitis  patients  and 
by  about  one-twentieth  of  the  strains  from 
gingivitis-free  individuals.  Beta-glucuroni- 
dase  was  also  produced  more  frequently  by 
streptococci  from  diseased  crevices.  Al¬ 
though  numbers  and  species  of  bacteria  in 
gingival  crevices  have  not  been  correlate*! 
writh  gingivitis,  the  authors  propose  that 
their  enzyme  production  may  be.  On  this 
basis,  the  organisms  involved  in  gingival 
disease  would  be  (juite  specific  on  the  basis 
of  their  clinical  activities  but  not  their 
species. 

H.  B.  G.  R. 
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FURTHER  OBSERVATIONS  ON  THE  EFFECT  OF  TOBACCO  ON 
EPITHELIAL  TISSUES  OF  VITAMIN-DEFICIENT  MICE 

SEYMOUR  J.  KRESHOVER 

The  Medical  College  of  Virginia,  School  of  Dentistry,  Bichmond,  Va. 

A  PREVIOUS  study  related  to  the  effect  of  tobacco  on  epithelial  tissues  of 
mice  indicated  the  uncertainty  and  questionable  validity  of  making  clinical 
application  from  observations  on  laboratory  animals.^  Similar  difficulties  are 
apparent  in  the  inconclusive  nature  of  clinical  studies  based  largely  upon  sta¬ 
tistical  methods.  However,  a  growing  concern  about  the  possible  role  of  tobacco 
as  an  etiological  factor  in  cancer  would  seem  to  w’arrant  appreciably  more  study 
in  both  categories  of  research  to  the  end  of  resolving  many  of  the  apparent  in¬ 
consistencies  that  have  developed  in  the  literature. 

It  has  been  the  primary  purpose  of  the  pre.sent  series  of  studies  to  evaluate 
the  comparative  effects  of  tobacco  on  cutaneous  and  oral  mucosal  tissues.  Ad¬ 
ditional  objectives  were  to  explore  further  the  influence  of  various  systemic 
and  local  factors  on  tissue  susceptibility.  In  this  regard,  it  is  of  interest  to 
note  that,  although  some  reports  have  indicated  a  direct  relationship  between 
cancer  of  the  lung  and  exposure  to  tobacco  smoke,^  *  the  incidence  of  oral 
leukoplakia  and  cancer  has  not  appeared  to  show  a  corresponding  significant 
rise  associated  with  the  increased  use  of  tobacco  in  recent  years.® 

In  the'  preliminary  phase  of  the  present  study,  it  was  reported  that  whole 
tobacco  smoke  applications  to  the  lips  of  mice  caused  little  or  no  tissue  change. 
These  animals  had  been  grouped  previously  so  that  one  series  was  maintained 
on  a  normal  adequate  diet,  another  was  rendered  deficient  in  vitamin  A,  and 
a  third  deficient  in  the  vitamin  B  complex.  Two  additional  groups  were  com¬ 
prised  of  gonadectomized  mice  maintained,  respectively,  on  normal  and  B 
complex-deficient  diets.  In  striking  contrast  to  the  negative  lip  findings  in  all 
of  these  groups  was  the  ^idence  of  appreciable  susceptibility  of  the  ears  of 
certain  of  the  same  animals  following  identical  procedures  of  tobacco  smoke 
application.  These  changes  were  most  marked  in  the  vitamin  B-deficient  mice, 
less  so  in  the  vitamin  A-deficient  and  normal  diet  groups,  and  least  in  the 
gonadectomized  animals  regardless  of  their  diets.  On  the  basis  of  the  observed 
difference  in  susceptibility  of  oral  and  cutaneous  tissues,  it  was  suggested  that 
a  significant  protective  effect  is  exerted  by  the  tongue  and  saliva  in  readily  re¬ 
moving  deposited  tars  from  the  oral  mucosa.  It  was  further  concluded  that, 
whereas  vitamin  B  complex  deficiency  causes  a  markedly  increased  susceptibility 
of  cutaneous  tissues  to  tobacco  irritants,  orchiectomy  and  ovariectomy  establish 

This  study  was  supported  in  part  by  the  Research  and  Development  Division,  Office  of 
the  Surgeon  General,  Department  of  the  Army,  under  Contract  No.  DA-49-007-MD-506. 

Presented  at  the  Thirty-second  General  Meeting  of  the  International  Association  for 
Dental  Research,  French  Lick,  Indiana,  March  20,  1954.  (J.  D.  Res.  33:  666,  1954.) 

Received  for  publication  June  23,  1954. 


798 


EFFECT  OF  TOBACCO  ON  EPITHELIAL  TISSUES  OF  MICE 


a  certain  degree  of  resistance.  Further  references  to  the  literature  on  tobacco 
and  vitamin  deficiency  factors  as  related  to  cancer  and  leukoplakia  were  reviewed 
in  this  initial  report. 

Following  the  previously  described  preliminary  study,  it  became  of  interest 
to  investigate  more  thoroughly  the  various  factors  that  seemingly  contribute  or 
predispose  to  altered  tissue  susceptibility.  The  first  of  these,  presented  in  the 
following  report,  is  concerned  with  the  subject  of  vitamin  B  deficiency. 


MATERIALS  AND  METHODS 

A  total  of  201  Swiss  strain  mice  between  the  ages  of  10  and  12  weeks  were 
used  in  this  study.  On  the  basis  of  deficiency  states  produced  prior  to  tobacco 
smoke  application  and  maintained  throughout  the  course  of  the  experiment,  the 
following  animal  groups  were  established:  B  complex  (37);  thiamine  (22); 
riboflavin  (23) ;  pyridoxine  (23) ;  pantothenic  acid  (24) ;  niacin  (23) ;  and 


Fig.  1. — Smoking  apparatus.  Appiicator  containing  thermocouple  (A);  pyrometer  (B) 
pinch  valve  (C)  ;  smoke  traps  (D)  :  thermometer  (E)  ;  reservoir  (E);  vacuum  gauge  (G) 
needle  valve  (H)  ;  manostat  (I)  ;  vacuum  pump  (J). 


biotin  (18).  Another  6  riboflavin-deficient  mice  were  gonadectomized  before 
receiving  like  treatment.  Of  the  remaining  25  animals,  all  maintained  on  a 
normal  adequate  diet,  11  received  smoke  applications  identical  to  those  given 
the  deficient  mice,  and  14  served  as  controls  in  order  to  evaluate  the  possible 
effect  on  tissues  of  such  factors  as  pressure  and  suction  incident  to  the  operation 
of  the  smoking  machine.  Each  of  the  established  animal  groups  was  comprised 
of  an  approximately  equal  number  of  males  and  females. 

By  means  of  an  apparatus  specifically  designed  for  this  study  (Fig.  1), 
applications  of  whole  tobacco  smoke  were  made  to  the  posterosuperior  region  of 
the  right  ear  of  each  experimental  animal.  In  all  instances,  the  procedure  was 
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standardized  so  that  the  mice  received,  on  alternate  days,  a  like  number  of 
repeated  applications  of  equal  volume,  exposure  time,  and  interval  periods.  A 
smoke  flow  of  17.5  c.c.  per  second  was  selected  arbitrarily  on  the  basis  of  an 
equivalent  oral  inhalation  in  the  average  male  smoker.  Briefly  described,  the 
technique  was  to  apply  the  applicator  tip  gently  to  the  selected  tissue  sHe  and, 
by  manipulating  the  pinch  valve,  direct  a  stream  of  smoke  against  the  ear  for 
a  5-second  exposure  period.  The  circuit  then  was  immediately  cleared.  This 
procedure  was  repeated  for  a  successive  series  of  5  exposures  on  each  day  that 
an  application  was  made,  one  cigarette  sufficing  for  each  such  series.  In  the  case 
of  the  control  animals,  an  identical  procedure  was  followed  except  for  using  an 
unignited  cigarette.  This  served  the  purpose  of  determining  the  effect,  if  any, 
of  suction  and  pressure  alone.  Another  important  factor  that  was  evaluated 
was  the  amount  of  heat  created  at  the  ti.ssue  site  of  smoke  application.  This  was 
determined  by  means  of  a  thermocouple  and  pyrometer  adapted  to  the  appa¬ 
ratus  (Fig.  1). 

In  addition  to  daily  observations  and  routine  biopsy  examinations  at  varying 
intervals  during  the  80-day  period  of  tobacco  smoke  applications,  many  of  the 
animals  in  each  experimental  group  were  followed  for  a  further  period  of  5 
months.  This  procedure  was  adopted  in  order  to  determine  whether  any  ob¬ 
served  cellular  change  of  a  proliferative  nature  would  be  dependent  upon  re¬ 
peated  exposures  to  tobacco  or  to  an  ultimately  acquired  intrinsic  capacity  for 
progressive  growth, 

FINDINGS 

Inasmuch  as  the  objectives  of  the  present  study  were  to  evaluate  the  effects 
of  whole  tobacco  smoke  per  se  on  certain  tissues,  it  was  essential  that  other 
possible  irritating  factors  incident  to  the  operation  of  the  smoking  apparatus 
be  themselves  evaluated.  In  this  manner  a  more  accurate  interpretation  could 
be  made  of  any  findings  related  to  the  various  categories  of  experimental  group¬ 
ing,  As  noted  in  Fig,  1,  an  essential  mechanism  for  operation  of  the  apparatus 
is  a  vacuum  pump.  Although  the  negative  pressure  at  the  site  of  application  is 
established  at  a  relatively  low  figure  by  manostat  control,  it  is  conceivable  that 
some  tissue  irritation  migh^  result.  A  further  possible  cause  of  tissue  damage 
might  be  pressure  incident  to  the  repeated  contact  of  applicator  tip  with  skin. 
Both  factors  were  evaluated  carefully  by  subjecting  the  ears  of  14  mice  to  the 
same  treatment  as  that  given  the  experimental  animals  except  for  using  an 
unignited  cigarette.  Following  a  period  of  observation  equivalent  to  the  maxi¬ 
mum  number  of  tobacco  smoke  exposures,  biopsies  were  obtained  for  histologic 
study.  No  abnormalities  were  noted  (Fig.  2).  Grossly,  the  ears  show  a  smooth, 
intact  surface  with  no  evidence  of  thickening  or  induration.  The  histologic 
preparations  are  similarly  normal  in  appearance  with  a  stratified  squamous 
epithelium,  arranged  in  a  thickness  of  2  to  3  cell  layers,  covering  both  surfaces. 
The  rather  scanty  underlying  connective  tissue  is  divided  by  a  thin  cartilaginous 
plate  and  contains  occasional  islands  of  sebaceous  cells  and  hair  follicles. 

One  other  possible  cause  of  tissue  irritation,  unrelated  to  the  effects  of 
tobacco  smoke  per  se,  is  the  factor  of  heat  created  at  the  site  of  smoke  appli¬ 
cation.  On  the  basis  of  an  average  temperature  rise  of  but  1.8°  C.  when  smoke 


Fip.  3. — A,  Ear  of  mouse  maintained  on  a  normal  adequate  diet ;  30  smoke  applications. 
The  surface  has  a  parchmentlike  appearance,  and  there  is  slight  thickening  without  indura¬ 
tion.  Animals  treated  for  longer  periods  of  time  show  no  progression  of  gross  or  micro¬ 
scopic  change  beyond  that  represented  in  this  or  in  B. 

B,  Smoked  side  of  ear  shows  epithelial  hyperplasia  and  a  chronic  inflammation  of  the 
corium  with  some  edema  and  increased  vascularity.  The  untreated  side  of  the  ear  is  of 
normal  appearance. 


Eleven  mice  were  maintained  on  a  normal  adequate  diet  throughout  the 
course  of  the  experiment.  The  maximal  ear  changes  in  this  group  consist  of  a 
slight  degree  of  thickening  and  an  alteration  in  color  and  texture  which  impart 
a  yellow-brown,  parchmentlike  appearance  to  the  tissue  (Fig.  3A).  Histologi¬ 
cally  (Fig.  3B),  the  epidermis  on  the  smoked  side  of  the  ear  shows  hyperplasia 


Fig.  2. — A,  Ear  of  mouse  maintained  on  a  normal  adequate  diet;  40  days  of  repeated 
applications  of  suction  and  pressure.  No  abnormalities  noted. 

B,  Histologic  structure  of  same  ear  showing  normal-appearing  epidermis,  underlying 
corium,  and  cartilaginous  plate. 
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is  ejected  onto  the  tissue,  it  appears  quite  unlikely  that  a  pathologic  change 
would  result.  Such  a  minor  degree  of  difference  between  ‘  ‘  normal  ’  ’  body  surface 
temperature  and  that  created  at  a  specific  site  exposed  to  tobacco  smoke  is  not 
surprising  in  light  of  the  relatively  long  distance  of  smoke  travel  from  its 
burning  source. 

In  striking  contrast  to  the  absence  of  pathology  in  the  suction-pressure 
animals  are  the  rather  marked  abnormalities  resulting  from  exposures  to  whole 
smoke.  These  varied  significantly  in  degree  according  to  experimental  group¬ 
ing  and  duration  of  smoke  applications. 
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as  well  as  some  keratinization.  The  basal-cell  region  is  distinct,  uniformly  ar¬ 
ranged,  and  well  demarcated  from  underlying  corium.  Contributing  to  a  moder¬ 
ate  thickening  of  the  latter  tissue  is  a  round-cell  infiltration  with  edema,  increased 
vascularity,  and  fibrosis.  It  is  of  interest  to  note  that  this  represents  the  most 
advanced  type  change  in  the  normal  diet  group  and,  although  oftentimes  mani¬ 
fested  by  the  fiftieth  experimental  day  (25  smoke  applications),  shows  no  evi¬ 
dence  of  progression  in  the  postexperimental  period  of  observation.  Rather, 
there  is  usually  a  regression  to  normal-appearing  tissue. 


■  V  if 4 4 

A  4. 

K  '  r  ^  4  '  * 

Fig.  4. — A,  Ear  of  mouse  on  vitamin  B  complex-deficient  diet;  38  smoke  applications. 
There  is  ulceration  with  scab  formation,  marked  induration,  and  a  raised,  rolled  border  to 
the  lesion.  « 

B,  Low-power  magnification  showing  area  of  ulceration  and  bordering  zone  of  epithelial 
hyperplasia.  Note  the  acanthosis  and  markedly  thickened  corium.  Overlying  the  entire 
surface  is  a  thick  deposit  of  tobacco  tar  and  serous  exudate.  The  untreated  side  of  the  ear, 
underlying  the  cartiiaginous  piatc,  shows  no  abnormalities. 

C,  Higher  magnification  of  hyperplastic  area  showing  keratinized  surface  and  chronic 
infiammation  of  corium. 

D,  Basal-cell  region  showing  abnormalities  in  cellular  size,  shape,  and  staining  qualities. 
Note  the  loss  of  polarity  and  poorly  defined  Juctlon  between  epithelium  and  corium. 


As  indicated  in  a  previous  report,  mice  rendered  deficient  in  the  vitamin 
B  complex  exhibit  a  markedly  greater  tissue  susceptibility  to  whole  tobacco 
smoke  than  do  normal  diet  animals.  As  demonstrated  in  Fig.  4,  the  ears  of 
vitamin  B  complex-deficient  animals  are  markedly  affected  by  whole  tobacco 
smoke.  These  changes,  consisting  principally  of  ulceration,  excoriation,  in¬ 
duration,  and  thickening,  often  become  manifested  as  early  as  the  fortieth  day 
of  smoke  application  (20  exposures).  The  thickening  is  most  pronounced  in 
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the  area  bordering  ulceration,  thereby  contributing  a  rolled  and  raised  margin 
to  the  lesion.  It  should  be  noted  that  the  5-month  postexperimental  period 
shows  no  evidence  of  intrinsic  capacity  of  the  tissue  for  progressive  breakdown 
or  growth.  Although  healing  is  apparently  of  minimal  degree,  a  definite  ac¬ 
celeration  of  repair  can  be  induced  by  substituting  a  normal,  adequate  diet  for 
the  deficient  one.  Microscopically,  the  areas  described  show  a  marked  epidermal 
hyperplasia  in  regions  adjacent  to  ulceration,  as  well  as  a  fibroblastic  proliferation 
and  hyperemia  of  the  corium  (Fig.  4B).  Overlying  such  areas  is  a  thick  deposit 
of  amorphous  material  comprised  of  tobacco  tar  and  serous  exudate.  In  marked 
contrast  to  these  abnormalities  is  the  relatively  unaffected  tissue  on  the  inferior 
or  unsmoked  side  of  the  ear.  Here,  sharply  demarcated  by  the  cartilaginous 
plate,  is  a  thin,  uniform,  and  relatively  normal-appearing  epidermis  and  corium. 
The  zone  of  proliferative  growth  bordering  the  ulcer  is  best  shown  under  higher 
magnification  (Fig.  4C).  A  thin  layer  of  keratin  covers  the  hyperplastic  epi¬ 
thelium,  which  extends  rather  deeply  into  the  underlying  corium  by  means  of 
proliferative  rete  pegs.  The  basal-cell  layer,  although  .showing  some  mitotic 
activity,  is  well  delineated  from  the  subjacent  tissue  and  gives  no  evidence  of 
anaplastic  change.  An  increased  vascularity  is  present  in  the  corium,  and  there 
is  some  fibrosis  as  well  as  a  diffuse  infiltration  by  lymphocytes.  Although  the 
changes  described  are  generally  characteristic  of  the  B  complex-deficient  group, 
many  other  animals  demonstrate  greater  epithelial  abnormality.  Such  a  i)icture 
is  illustrated  in  Fig.  4Z>,  which  shows  basal-cell  hyperactivity,  loss  of  polarity, 
and  appreciable  variation  in  cellular  size,  shape,  and  staining  qualities.  Many 
of  the  cells  are  extremely  large  and  irregular  in  outline,  and  contain  bizarre 
nuclei,  prominent  nucleoli,  and  dense  chromatin  material. 

That  vitamin  B  complex  deficiency  contributes  to  the  described  lesions  as  a 
predisposing  factor,  and  that  the  tobacco  smoke  per  se  serves  as  the  irritating 
or  exciting  agent,  can  be  demonstrated  by  the  typically  normal  appearance  of 
the  untreated  left  ears  of  the  experimental  animals.  Epidermis  is  seen  as  a 
thin,  uniform  layer  covering  both  surfaces  of  the  ear  and  overlying  a  rather 
narrow  corium  divided  in  its  mid-region  by  a  cartilaginous  plate. 

In  determining  which  of  the  B  complex  fractions  or  components  are  re¬ 
lated  to  the  rather  severe  pathologic  changes  noted  previously,  it  must  be  em¬ 
phasized  that  the  synergistic  effects  of  the  various  deficiencies  undoubtedly 
contribute  to  the  over-all  picture.  However,  riboflavin,  pyridoxine,  and  panto¬ 
thenic  acid  can  be  demonstrated  as  the  most  significant  of  the  predisposing 
factors  tested.  Figs.  5  to  7  show  typical  examples  of  each  of  these  deficiencies. 
Clearly  evident  are  the  areas  of  ulceration  and  scab  formation  bordered  by  thick, 
raised  margins  of  indurated  tissue.  Histologically,  the  epithelium  adjacent  to 
zones  of  ulceration  is  hyperplastic  and  acanthotic,  and  often  covered  by  keratin 
and  cells  undergoing  parakeratotic  change.  The  basal-cell  region,  while  usually 
well  demarcated  from  underlying  corium,  frequently  shows  mitotic  activity, 
loss  of  polarity,  and  abnormalities  in  cellular  size,  shape,  and  staining  quality. 
Contrasting  with  these  changes  is  the  normal-appearing  histologic  structure  of 
the  opposite,  untreated  ear,  seen  in  all  but  two  of  the  deficient  animals  (both 
members  of  the  pyridoxine  group). 


Fig.  5. — A,  Kar  of  riboflavin-deflcient  animal;  20  smoke  applications.  There  is  irregular 
thickening,  scab  formation,  and  induration. 

B,  Riboflavin-deflcient  mouse;  40  smoke  applications.  A  marked  degree  of  keratlniza- 
tion,  epidermal  hyperplasia,  and  acanthosis  is’  present.  It  is  of  interest  to  note  that  this 
biopsy  was  taken  5  months  after  terminating  smoke  applications. 

Fig.  6. — A,  Kar  of  pyridoxine-ileflcient  mouse;  40  smoke  applications.  Note  the  area 
of  ulceration  bordered  by  a  raised,  rolled  margin  of  indurated  tissue. 

B,  Pyridoxine-deflcient  mouse.  Histologic  appearance  after  36  smoke  applications. 
Hordering  the  zone  of  ulceration  is  a  markedly  hyperplastic  epithelium  characterized  by  long, 
tentacle-like,  rete  pegs.  The  corium  is  edematous  and  in(lltrate<i  by  numerous  small  round 
cells.  A  moderate  degree  of  keratinization  is  present. 

Fig.  7. — A,  Ear  of  mouse  maintained  on  a  panthothenic  acld-<leflcient  diet;  40  smoke  ap¬ 
plications.  Ulceration,  scab  formation,  and  induration  are  apparent. 

B,  Biopsy  specimen  from  ear  shown  in  A.  Note  the  marked  degree  of  epithelial 
liyperplasia  and  chronic  inflammation  of  the  corium.  The  contrasting  appearance  of  the  un¬ 
treated  side  of  the  ear,  inferior  to  the  cartilaginous  plate,  is  Quite  striking. 

C,  A  high  magniflcation  of  basal-cell  region  showing  cellular  change  and  mitotic  activity. 
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Of  the  remaining  vitamin  B  components  evaluated  in  this  study,  namely 
thiamine,  biotin,  and  niacin,  none  show  any  significant  predisposing  infiuence 
on  tissue  response  to  whole  tobacco  smoke.  The  gross  and  microscopic  appear¬ 
ance  of  the  treated  ears  is  somewhat  comparable  to  that  observed  in  the  normal 
diet  group  of  animals. 

Following  the  previously  reported  observation  that  castrated  mice  show  a 
minimal  tissue  response  to  whole  tobacco  smoke  regardless  of  whether  they  are 
on  a  normal  or  vitamin  B  complex-deficient  diet,^  it  became  of  interest  in  the 
current  study  to  re-evaluate  these  findings  in  gonadectomized,  riboflavin-deficient 
animals.  Although  this  was  done  in  only  6  mice,  it  is  of  interest  to  note  that 
the  changes,  while  appreciably  less  than  in  the  noneastrated  groups,  are  greater 
than  was  anticipated.  Gross  and  microscopic  examinations  show  a  moderate 
thickening  of  the  smoked  ear  due  principally  to  an  increased  keratinization  and 
epithelial  hyperplasia.  These  changes  are  quite  similar  to  those  seen  in  the 
normal  diet  animals  (Fig.  3),  although  somewhat  less  marked. 

DISCUSSION 

Mice  rendered  deficient  in  the  vitamin  B  complex  show  a  far  greater  tissue 
susceptibility  to  whole  tobacco  smoke  than  do  animals  on  a  nutritionally  adequate 
diet.  The  implication  of  riboflavin,  pyridoxin^,  and  pantothenic  acid,  as  most 
significant  in  altering  tissue  response  to  tobacco  irritation,  is  not  surprising 
perhaps  on  the  basis  of  their  often  demonstrated  deficiency  symptoms  related 
to  the  skin.  However,  it  should  be  re-emphasized  that  mice  in  the  present  study 
were  maintained  at  such  a  level  of  deficiency  as  to  assure  relatively  long  periods 
of  survival.  Consequently,  only  2  of  the  70  animals  comprising  the  riboflavin-, 
pyridoxine-,  and  pantothenic  acid-deficient  groups  showed  any  evidence  of  ear 
changes  referable  to  the  deficiency  per  se  and  not  associated  with  tobacco  smoke 
exposures.  It  is  conceivable  that  the  absence  of  grossly  and  microscopically 
demonstrated  skin  changes  in  68  of  the  deficient  animals  does  not  preclude  the 
probability  that  the  tissue  is  rendered  more  susceptible  to  such  irritants  as 
tobacco  tar.  Supporting  this  contention  is  the  finding  by  Adams”  which  indi¬ 
cates  that  riboflavin  deficiency  in  rats  materially  reduces  oxygen  consumption 
by  the  skin.  Undoubtedly,  this  altered  tissue  function  can  significantly  influence 
response  to  external  environmental  factors. 

That  thiamine-deficient  animals  show  but  slight  ear  pathosis  following^ 
tobacco  smoke  exposures  is  perhaps  explainable  on  the  basis  of  their  deficiency 
symptoms  being  referable  princijially  to  the  nervous  system  and  not  the  skin. 
Such  an  hypothesis  is  not  applicable  to  the  biotin  group  of  mice,  which  failed 
to  show  any  appreciable  tissue  change  following  exposure  to  tobacco  smoke;  this 
despite  the  fact  that  biotin  deficiency  symptoms  are  characteristically  manifested 
in  the  skin.  No  explanation  is  offered  for  this  apparent  inconsistency. 

The  failure  of  the  animals  on  niacin-deficient  diets  to  demonstrate  tissue 
changes  greater  than  those  observed  in  the  normal  diet  group  is  not  surprising 
in  light  of  evidence  that  mice  are  able  to  synthesize  nicotinic  acid  and  conse¬ 
quently  are  not  truly  deficient  in  this  vitamin  B  factor.^ 
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Following  the  observation,  previously  reported,  that  gonadectoniized  mice 
on  normal  or  B  complex-deficient  diets  show  an  appreciable  lessening  of  tissue 
response  to  whole  tobacco  smoke  applications,  it  is  of  interest  to  note  that  the 
castrated  riboflavin-deficient  mice  in  the  present  study  are  not  as  completely  free 
of  pathologic  change.  However,  since  the  abnormalities  are  comparable  to  those 
seen  in  the  normal  diet  animals,  the  assumption  appears  valid  that  gonadectomy 
establishes  an  appreciable  degree  of  tissue  resistance.  Further  studies  are  in 
progress  in  order  to  attempt  a  clarification  of  this  phenomenon,  as  well  as  to 
evaluate  carefully  any  possible  changes  in  the  adrenal  glands. 

In  an  effort  to  determine  whether  the  proliferative  tissue  changes  observed 
in  various  of  the  vitamin-deficient  animal  groups  are  dependent  upon  continued 
exjmsure  to  tobacco  smoke,  a  number  of  observations  were  carried  out  for  several 
months  after  termination  of  applications.  Since  there  was  ver\^  little  change 
in  either  the  gross  or  the  microscopic  picture  after  5  months,  it  would  appear 
that  the  tissues  do  not  assume  an  intrinsic  capacity  for  unrestricted  growth  in 
this  span  of  time.  However,  the  histologic  changes,  specifically  those  related 
to  cellular  morphology,  are  consistent  with  that  type  of  epidermal  lesion  often 
considered  precancerous.  Certainly  it  would  seem  quite  significant  that  such 
relatively  severe  changes  are  produced  in  so  short  a  period  of  time. 

Although  not  described  in  the  present  report,  it  is  of  interest  to  interject 

an  additional  comment  relative  to  findings  in  a  large  group  of  hamsters  currently 

under  study.  These  animals,  divided  into  various  experimental  categories,  are 

receiving  whole  tobacco  smoke  applications  for  a  prolonged  period.  The  sites 

of  exposure  are  Iwth  oral  mucosa  and  ear.  At  the  end  of  80  sucees.sive  daily  appli- 
^  *  * 
cations  to  vitamin  B  complex-deficient  animals,  there  was  practically  no  gross 

evidence  of  pathologic  change  in  either  of  the  treated  regions.  This  indicates 

the  important  consideration  that  should  be  given  to  variations  in  response  by 

different  animal  species  as  well  as  by  different  tissues,  and  poses  the  difficult 

problem  of  correlating  findings  in  the  experimental  animal  with  observations  in 

human  }>eings. 

SUMMARY  AND  CONCLUSIONS 

By  means  of  an  apparatus  designed  to  make  applications  of  whole  tobacco 
smoke  to  selected  tissue  sites,  and  on  the  basis  of  observations  made  on  201 
Swiss  strain  mice  divided  into  various  control  and  vitamin-deficient  categories, 
the  following  summary  may  be  made. 

1.  Vitamin  B  complex  deficiency  in  mice  renders  their  cutaneous  tissues 
more  susceptible  to  the  irritating  effects  of  whole  tobacco  smoke.  This  confirms 
findings  made  in  a  previous  report. 

2.  Kilx)flavin,  pyridoxine,  and  pantothenic  acid  are  the  B  complex  com¬ 
ponents  primarily  responsible  for  such  alterations  in  tissue  response. 

3.  Animals  maintained  on  diets  deficient  in  biotin,  thiamine,  and  nicotinic 
acid  show  no  greater  tissue  susceptibility  to  tobacco  smoke  applications  than  do 
mice  on  a  normal  adequate  diet.  These  observations  are  explainable,  in  part. 
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by  the  demonstrated  resistance  of  mice  to  niacin  deficiency,  and  by  the  fact 
that  thiamine  deficiency  is  manifested  principally  in  noncutaneoiis  tissues. 

4.  Gonadectomy  renders  cutaneous  tissues  less  susceptible  to  the  irritating 
effects  of  whole  tobacco  smoke. 

5.  Tissue  response,  under  the  conditions  of  the  present  study,  is  not  in¬ 
fluenced  by  sex. 

6.  The  described  cutaneous  lesions  are  in  striking  contrast  to  the  previously 
reported  absence  of  pathologic  change  in  oral  tissues  subjected  to  similar  appli¬ 
cations  of  whole  tobacco  smoke.  This  suggests  either  a  basic  difference  in 
response  by  different  tissues  or  a  protective  effect  by  the  tongue  and  saliva  in 
readily  removing  deposited  tars. 

7.  The  predominating  feature  of  tissue  response  to  whole  tobacco  smoke  is 
a  proliferative  change  characterized  by  hyperkeratosis,  hyperplasia,  acanthosis, 
and  chronic  inflammation  of  the  corium.  Cellular  alterations  in  size,  shape,  and 
staining  qualities  as  well  as  loss  of  basal-cell  polarity  and  increased  mitotic 
activity  indicate  the  abnormal  nature  of  the  tissue  change. 

8.  There  is  no  evidence  of  an  acquired  capacity  of  the  tissues  for  continued 
proliferative  change  after  terminating  exposures  to  the  tobacco  smoke. 

9.  Vitamin  B  complex-deficient  hamsters,  currently  under  study,  show  no 
significant  cutaneous  tissue  changes  even  after  receiving  twice  as  many  smoke 
applications  as  did  the  mice.  This  indicates  the  questionable  validity  of  making 
conclusions  on  the  basis  of  experiments  with  a  single  species  of  laboratory' 
animal,  and  the  speculation  involved  in  applying  such  findings  to  man. 
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ELECTRON  MICROSCOPY  OF  HUMAN  DENTIN 

GONPACHIRO  YASUZUMI  AND  YOSHIMI  OBATA 

Pepartment  of  Anatomy,  Xara  Medical  College,  Naraken,  Japan,  and  Department  of  Operative 
Dentistry,  Osaka  University  Dental  School,  Osaka,  Japan 

BECAL'SE  both  the  organic  and  inorganic  components  are  so  finely  divided  in 
dentin  as  to  be  beyond  the  resolving  power  of  a  light  microscope,  electron 
microscopy  is  valuable  according  to  Scott  and  Wyckoff,^  who  have  reported  their 
interesting  results  on  replicas  of  fibrous  components  of  human  dentin.  Pease^ 
has  succeeded  in  making  ultrathin  sections  of  decalcified  rats’  teeth.  During 
our  electron  microscopic  studies  of  dentin  by  means  of  methyl  methaerjdate- 
aluminum  replicas,  it  has  been  shown  to  be  possible  to  obtain  satisfactory  electron 
micrographs  of  Tomes ’s  fiber,  as  well  as  its  sheath,  and  Neumann’s  sheath  which 
is  enclosed  by  collagenous  fibers.  ^Moreover,  the  noncalcified  fibers  connecting 
the  dentinal  matrix  and  tubules  have  been  detected  in  the  dentin,  which  is  not 
treated  with  acid. 

Noncarious  molars  and  premolars  were  immersed  in  10  per  cent  Formalin 
immediately  after  extraction.  The  surfaces  of  cross  and  longitudinal  slabs  of 
dentin  were  polished  with  a  whetstone.  The  surfaces  required  little  additional 
polishing  with  metallographic  papers.  The  surfaces  of  the  slabs  were  etched 
for  10  seconds  with  0.5  N  HCl  or  for  2  minutes  with  1.4  N  HCl  prior  to  repli¬ 
cation.  Other  specimens  were  immediately  replicated  without  polishing  and 
etching.  The  replicas  were  made  according  to  Tadano's  methyl  methacrylate- 
aluminum  method.®  The  re])licas  were  shadowed  with  chromium  and  examined 
with  a  Shimazu  electron  microscope.  The  reproductions  presented  in  this  paper 
have  been  selected  from  about  2,000  plates  taken  during  the  present  experiments. 

It  has  been  difficult  to  demonstrate  structural  detail  in  the  replicas  of 
dentin  slabs  which  are  lightly  etched  for  10  seconds  with  0.5  N  HCl  (Figs.  1  and 
2).  They  have  shown  no  fine  detail  other  than  the  sheath  of  Tomes ’s  fibers. 

Fig.  3  shows  that  the  sheath  of  Tomes ’s  fibers  remains  attached  to  the  repli¬ 
cas  when  the  surfaces  of  longitudinal  slabs  of  dentin  are  etched  for  10  seconds 
^^'ith  0.5  N  HCl.  In  these  reproductions,  we  cannot  find  any  difference  in 
structure  between  the  inside  and  the  outside  of  the  sheath.  The  sheath  appears 
to  be  composed  of  thin,  nonfibrous  membranous  tissue,  and  it  is  resistant  to 
the  strong  acid  in  which  it  was  immersed.  In  the  replicas  of  cross  slabs  of 
dentin,  the  image,  which  is  composed  of  both  Tomes ’s  fiber  and  its  sheath, 
often  can  be  seen  (Fig.  4).  These  apparently  are  the  structures  remaining  at¬ 
tached  to  the  replica. 
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Figs.  1  and  2. — Human  dentin  etched  10  seconds  with  0.5  N  HCl,  showing  only  the  sheath  of 

Tomes’s  fibers. 


in  longitudinal  sections  of  the  dentin  than  in  cross  sections,  as  seen  in  Figs. 
5  to  7.  The  fiber  bundlelike  structures  are  found  to  run  around  the  long  axis 
of  tubules. 


Figs.  5  and  6  are  replicas  of  longitudinal  slabs  of  dentin  which  were  etched 
for  2  minutes  with  1.4  N  HCl.  These  figures  demonstrate  the  wall  of  dentinal 
tubule  and  the  matrix.  The  wall  is  composed  of  large  numbers  of  fibers  which 
are  more  easily  decalcified  than  the  fibers  in  the  dentinal  matrix.  The  resem¬ 
blance  between  these  fibers  and  those  obtained  from  tendons  is  very  striking  and 
the  periodicity  (  640A.)  well  defined.  More  of  these  fibers  have  been  noted 
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-Human  dentin  etched  10  seconds  with  0.5  N  HCl,  showing  Tomes’s  fiber  and  its  sheath. 
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Fig.  5. 


Fig.  6. 

Figs.  5  and  6. — Longitutlinal  slabs  of  hi<man  dentin  etched  2  minutes  with  1.4  N  HCI,  showing 
the  flbrous  structure  of  the  sheath  of  dentinal  tubule  (Neumann’s  sheath). 


-Human  dentin  without  polishing  and  etching,  showing  the  bundle  of  collagenous 
fibers  in  the  dentinal  matrix. 
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We  have  found  the  results  interesting  in  the  replicas  of  dentin  slabs  which 
are  cracked  in  two  with  knife  and  hammer  and  viewed  without  being  treated 
with  any  acid  (Figs.  8  to  10).  A  thick  bundle  of  noncalcified  fibers  is  visible 
in  the  dentinal  matrix  (Fig.  8).  These  fibers  are  seldom  found  in  the  dentin 
of  people  older  than  40  years  of  age.  These  noncalcified  fibers  enter  the  dentinal 
tubules  through  many  holes  which  are  found  on  the  wall  of  these  tubules.  As 
soon  as  a  fiber  bundle  enters  the  tubule,  the  fiber  bundle  resolves  itself  into  a 
multiple  of  fibers  (Fig.  9). 


Fig.  10. — Human  dentin  without  polishing  and  etching.  The  noncalcified  fibers  enter  the 
dentinal  tubule  through  many  holes  which  are  found  on  the  wall  of  this  tubule.  Arrows 
indicate  the  holes. 

SUMMARY 

1.  IVIetal-shadowed  methyl  methacrylate-aluminum  replicas  have  proved  to 
be  profitable  for  the  study  of  fibrous  components  of  human  dentin. 

2.  The  sheath  of  Tomes ’s  fibers  is  composed  of  a  thin,  nonfibrous  membrane. 

3.  When  the  surfaces  of  slabs  of  dentin  are  etched  with  1.4  N  HCl  for 
2  minutes,  Neumann’s  sheath,  which  is  enclosed  with  collagenous  fibers, 
becomes  clearly  visible. 

4.  Noncalcified,  collagenous  fibers  have  been  found  in  the  matrix  of  mature 
dentin  and  in  the  dentinal  tubule. 
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STUDIES  OF  THE  COMPOSITION  OF  TEETH 
II.  Spectrochemical.  Analysis  of  Enamel  and  Dentin  From  Syrian  Hamsters 
GEORGE  W.  BVKNETT,  IXD.S.,  Ph.I).,  AND  RALPH  R.  LOBENE,  B.S.,  D.D.S. 
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A  FEW  incomplete  spectrochemical  analyses  have  been  made  of  calcified 
tooth  tissues.  Fox  and  Ramage*  included  teeth  in  the  list  of  tissues  and 
organs  studied  spectroscopically  but  did  not  report  on  their  composition  in 
detail.  Boissevain  and  Drea*  made  spectrograms  of  teeth,  especially  for  their 
fluorine  content,  while  Drea®  also  investigated  teeth  spectrographically.  Lo- 
water  and  Murray*  made  qualitative  spectrograms  of  human  enamel  and  den¬ 
tin.  dog  dentin,  and  the  anterior  teeth  of  rats  with  special  emphasis  on  the 
analysis  of  fluorine,  chlorine,  potassium,  iron,  copper,  and  zinc.  ^lurray, 
Clock,  and  Lowater®  made  spectrographic  determinations  of  iron  in  teeth. 
None  of  these  investigators  has  applied  quantitative  spectrographic  methods 
to  the  analysis  of  the  tissues  of  the  tooth.  In  previous  studies  of  the  composi¬ 
tion  of  teeth,  we  have  analyzed  ashed  enamel  and  ashed  dentin  from  the  in¬ 
cisor  and  molar  teeth  of  adult  Syrian  hamsters  for  their  principal  inorganic 
constituents,  calcium,  phosphorus,  and  magnesium.®  Since  very  little  is  known 
of  the  other  elements  in  such  tissues,  quantitative  spectrochemical  analyses 
were  made  of  separated  enamel  and  dentin  from  adult  Syrian  hamsters  for  34 
elements  that  might  be  present.  The  results  obtained  in  this  study  are  the 
basis  of  the  following  report. 

experimental  procedure 

Enamel  and  dentin  from  Syrian  hamsters  which  were  analyzed  by  spectro¬ 
chemical  methods  were  samples  from  tissues  which  had  been  analyzed  previ¬ 
ously  by  wet  chemical  methods.®  The  teeth  from  53  males  and  63  females  were 
obtained  as  described®  and  divided  into  grou])s  of  anterior  and  posterior  teeth 
from  males  and  females.  After  each  of  the  8  groups  of  teeth  were  extracted 
separately  with  ethyl  alcohol  and  ethyl  ether  for  12  hours  each,  they  were  dried 
in  air  at  100°  C.  to  a  constant  w'eight.  The  extraction  of  the  teeth  with  fat 
solvents  facilitated  their  handling  during  their  subsequent  separation  into 
enamel  and  dentin.  Each  group  of  teeth  was  ground  in  a  mullite  mortar  until 
the  particles  passed  a  200-mesh  nylon  screen.  The  ground  teeth  were  again 
dried  to  a  constant  weight  at  100°  C.,  after  which  the  enamel  and  dentin  were 

This  investigation  was  supporte-J  in  part  by  a  research  grant,  PHS  D  102,  from  the 
National  Institute  of  Dental  Research,  National  Institutes  of  Health,  Public  Health  Service. 
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separated  by  Gilda’s  modification  of  the  Manly-Hodge  flotation  technique^ 
until  each  tissue  was  at  least  98  per  cent  pure  when  analyzed  by  the  method 
of  Manly  and  Hodge.®  The  separated  tissues  were  then  dehydrated  at  100°  C. 
to  a  constant  weight,  after  which  they  were  ashed  by  heating  at  900°  C.  until 
a  constant  w’eight  was  attained.  The  ashed  tissues,  whose  weight  usually 
ranged  from  50  to  100  mg.  and  which  also  contained  the  inorganic  portions  of 
the  organic  matrix,  were  then  analyzed  for  114  elements,  utilizing  a  Jarrel-Ash 
grating  spectrograph  in  the  Spectrochemistry  Section  of  the  Division  of 
Chemistry  of  the  National  Bureau  of  Standards. 

The  technic  of  using  the  emis.sion  si)eetrograph  for  the  analysis  of  trace 
elements  has  the  advantage  of  determining  the  presence  or  ab.sence  of  many 
elements  simultaneously  in  true  concentrations  as  low  as  1  per  1,000  /xg.  More 
importantly  for  this  study,  it  may  be  used  for  quantitative  analyses  «>f  many 
such  elements.  If  a  sample  to  be  analyzed  is  burned  in  the  carbon  arc  of  the 
Jarrel-Ash  spectrograph,  the  atoms  present  are  excited  to  a  high  electronic 
energy  .state  followed  by  emission  of  light  as  the  excited  atoms  return  to 
lower  energy  states,  or  when  ionization  takes  place  by  the  complete  ejection  of 
an  electron  from  the  atom.  The  light  emitted  is  of  specific  wave  lengths, 
characteristic  of  the  element.s,  and  appeal’s  as  spectrum  lines  when  viewed 
through  a  suitable  prism.  When  the  light  emitted  from  one  or  several  ele¬ 
ments  is  introduced  into  the  slit  of  the  spectrograph  and  allowed  to  impinge 
upon  a  diffraction  grating,  the  light  is  dispersed  into  its  component  wave 
lengths,  which  may  then  be  recorded  on  photographic  film  in  the  form  of  lines. 
Known  concentrations  of  some  element  may  be  run  for  film  calibration  when 
analyzing  samples  quantitatively.  The  lines  on  the  film  can  be  measured 
accurately  with  a  microdensitometer,  thus  giving  the  basis  for  quantitative 
analysis.®  The  deviation  for  each  element  in  this  type  of  analysis  is  about 
±  5.0  per  cent,  being  more  accurate  when  the  elements  are  in  low  concentra¬ 
tions.  Each  sample  of  tooth  tissue  was  analyzed  3  times  and  the  value  ob¬ 
tained  expressed  as  an  average  of  the  3  analyses.  The  region  of  the  spectrum 
utilized  was  2,200  to  4,800  a,  except  for  4  alkali  elements.  The  6,400  to  8,8(X) 
A  region  of  the  spectrum  was  utilized  for  analysis  of  the  4  alkali  elements, 
cesium,  potassium,  lithium,  and  rubidium. 

RRSULTS 

The  results  of  the  quantitative  spectrochemical  analysis  of  incisor  and 
molar  enamel  from  male  and  female  Syrian  hamsters  are  shown  in  Table  I. 
All  values  are  expressed  as  a  percentage  of  the  ashed  sample.  At  the  end  of 
the  table,  the  ratio  of  each  ashed  sample  to  the  original  dehydrated  tissue  is 
given  as  a  conversion  factor,  which,  when  multiplied  by  the  percentage  of  the 
elements  in  ashed  tissues,  gives  the  percentage  of  that  element  in  whole  de¬ 
hydrated  tissue.  Elements  that  fall  outside  the  range  of  present  standards 
and  those  for  which  accurate  measurements  could  not  be  made  are  reported  as 
estimated  concentrations.  Seventeen  elements  were  found  consistently  in  the 
enamel  of  the  hamster,  while  2  additional  elements  were  found  occasionally. 
All  the  samples  of  enamel  contained  calcium  and  phosphorus  as  the  major 
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constituents,  with  magnesium,  sodium,  and  iron  as  the  only  other  minor 
constituents  obsened  in  concentrations  above  0.1  per  cent.  Gold,  beryllium,  bis¬ 
muth.  cadmium,  cobalt,  cesium,  gallium,  germanium,  indium,  molybdenum, 
rubidium,  antimony,  titanium,  zinc,  and  zirconium  were  not  found  within  the 
range  of  the  estimated  limit  of  detection.  Nickel  and  tin  were  not  found  con¬ 
sistently  in  all  tissues.  Iron  was  the  element  that  varied  most  between  incisor  and 
molar  enamel.  Lesser  variations  of  some  of  the  other  elements  occurred  be¬ 
tween  similar  tissues  from  incisor  and  molar  teeth  and  between  tissues  ob¬ 
tained  from  males  and  females.  Lead  was  the  only  element  which  did  not 
give  consistent  values  when  different  portions  of  a  sample  were  tested. 

Table  I 

SPECTROrHEMICAL  ANALYSIS  OF  ENAMEL  OF  SYRIAN  HAMSTER.  CONCENTRATIONS  EXPRESSF.It 
AS  A  Percentage  of  the  Ashed  Sample 


ELEMENTS 

$  INCISOR 
ENAMEL 

9  INCISOR 
ENAMEL 

$  MOIJVR 

ENAMEL 

9  MOI...\R 

ENAMEL 

ESTIMATED 

LIMIT  OF 

DETECTION 

L0.0005 

L0.0005 

L0.0005 

LO.OOOl 

0.00001 

A1 

L0.002 

0.002 

L0.002 

L0.002 

0.001 

Au 

— 

— 

— 

— 

0.001 

B 

L0.n02 

L0.002 

L0.002 

L0.002 

0.0005 

Ba 

Be 

aO.015 

a0.015 

a0.015 

aO.015 

0.00001 

Bi 

— 

— 

— 

— 

0.001 

Ca 

Cd 

VS 

VS 

VS 

VS 

0.005 

Co 

— 

— 

— 

— 

0.003 

Cr 

aO.00.3 

aO.003 

a0.003 

aO.OOl 

0.0001 

Cs 

— 

— 

— 

— 

0.001 

Cu 

0.004 

LO.OOl 

0.003 

LO.OOl 

0.00001 

Fe 

GO.l 

GO.l 

L0.003 

L0.003 

0.00005 

Ga 

— 

— 

— 

— 

0.001 

Ge 

— 

— 

— 

— 

0.001 

In 

— 

— 

— 

— 

0.002 

K 

0.02 

0.02 

0.01 

0.01 

0.0001 

Li 

0.001 

0.001 

0.001 

L0.0005 

0.0001 

Mtj 

Mil 

0.19 

0.00015 

0.20 

0.002 

0.40 

0.010 

0.35 

0.013 

0.0005 

Mo 

— 

— 

— 

— 

0.0005 

Na 

Ni 

G0.5 
—  ? 

G0.5 
—  ? 

G0.5 

0.002 

G0.5 

0.002 

0.001 

P 

l»li* 

VS 

0.005 

VS 

O.O.'l 

VS 

LO.OOOl 

VS 

LO.OOOl 

0.00005 

Kh 

— 

— 

— 

— 

0.001 

SI, 

— 

— 

— 

— 

0.002 

Si 

LO.Ol 

0.0.3 

0  02 

LO.Ol 

0.002 

Sn 

LO  002 

—  ? 

LO.OOl 

—  ? 

0.0005 

Hr 

Ti 

a0.02 

a0.02 

a0.02 

a0.02 

0.05 

Zn 

— 

— 

— 

— 

0.05 

Zr 

— 

— 

— 

— 

0.05 

Conversion 

0.89 

0.85 

0.92 

0.89 

factor 

Factor  *  per  cent  =  |>er  cent  of  element  in  whole  tissue 


I>;gen<l :  VS,  over  10  per  cent ;  fi,  greater  than  ;  U,  leas  than  ;  — ,  not  detected  :  a.  ap¬ 
proximately. 

•Dead  Is  the  only  element  which  did  not  give  consistent  values  when  different  portions  of 
a  sample  were  tested. 


The  results  of  the  speetrwheniieal  analysis  of  incisor  and  molar  dentin  from 
male  and  female  Syrian  hamsters  are  shown  in  Table  II.  The  values  for  the 
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elements  in  dentin  are  expressed  as  in  Table  I,  with  the  factoi’s  for  the  ratio 
of  each  ashed  sample  to  the  original  dehydrated  tissue  given  at  the  end  of  the 
table.  The  estimated  limit  of  detection  of  each  element  is  expressed  as  in 
Table  I.  The  elements  which  fall  outside  the  range  of  present  standards  and 
those  for  w^hieh  aecurate  measurements  could  not  be  made  are  reported  as 
estimates  or  ranges  of  concentration.  All  the  elements  not  detected  in  enamel 
were  not  detected  in  dentin;  in  addition,  nickel  and  chromium  were  not  de¬ 
tected  eonsistently  in  either  incisor  or  molar  dentin.  Cesium  was  detected  only 

Table  II 

Spectrochemical  Analysis  of  Dentin  of  Syrian  Hamster.  Concentrations  Expressed  as 
A  Percentage  of  the  Ashed  Sample 


$  INCISOR 

$  INCISOR 

$  MOLAR 

9  MOI.AR 

ESTIMATED 

LIMIT  OF 

EI.EME.VTS 

DENTIN 

DENTI.N 

DENTIN 

DENTIN 

DETECTION 

ak 

0.01 

0.02 

0.01 

0.002 

0.00001 

A1 

0.003 

L0.002 

0.004 

L0.002 

0.001 

Au 

— 

— 

— 

— 

0.001 

R 

L0.005 

L0.002 

L0.005 

L0.002 

0.0005 

Ril 

a0.015 

a0.015 

a0.015 

a0.015 

Re 

— 

— 

— 

— 

0.00001 

Ri 

— 

— 

— 

— 

0.001 

Ca 

VS 

VS 

VS 

VS 

C(1 

— 

— 

— 

— 

0.005 

Co 

— 

— 

— 

— 

0.003 

Cr 

— ? 

— f 

a0.0005 

— ? 

0.0001 

Cs 

— 

— 

a0.0005 

— ? 

0.0001 

Cu 

LO.OOl 

0.002 

0.003 

LO.OOl 

0.0001 

Fe 

0.01 

0.006 

L0.003 

L0.003 

0.0005 

(la 

— 

— 

— 

— 

0.001 

Ge 

— 

— 

— 

— 

0.001 

Tn 

— 

— 

— 

— 

0.002 

K 

0.04 

0.05 

0.02 

0.02 

0.0001 

Li 

L0.0005 

L0.0005 

L0.0005 

L0.0005 

0.0001 

Mr 

(10.8 

G0.8 

0.60 

0.56 

Mil 

0.0015 

LO.OOl 

0.0049 

0.0041 

0.0005 

Mo 

— 

— 

— 

— 

0.0005 

Na 

(10.5 

G0.5 

(10.5 

G0.5 

Ni 

—  ? 

—  ? 

—  ? 

—  f 

0.001 

P 

VS 

VS 

VS 

VS 

PI.* 

0.015 

— T 

LO.OOOl 

LO.OOOl 

0.00005 

Kl. 

— 

— 

— 

— 

0.001 

SI. 

— 

— 

— 

— 

0.002 

Si 

0.02 

LO.Ol 

LO.Ol 

LO.Ol 

0.002 

Sii 

LO.OOl 

LO.OOl 

—  ? 

—  f 

0.0005 

Sr 

a0.02 

a0.02 

a0.02 

a0.02 

Ti 

— 

— 

— 

— 

0.05 

Zn 

— 

— 

— 

— 

0.05 

Zr 

— 

— 

— 

— 

0.05 

('oiiversion 

0.76 

0.75 

0.74 

0.74 

factor 

Factor  x  per  cent  =  per 

cent  of  element 

in  whole  tissue 

I^egend : 

VS,  over 

1 0  per  cent :  tJ, 

greater  than  ;  L. 

less  tiian  ;  — , 

not  detected ;  a,  ap- 

proxiiiiately. 

♦Lead  is  the  only  element  which  did  not  give  consistent  values  when  different  portions 
of  a  .sampie  were  tested. 


in  molar  dentin  from  males,  while  lead  was  not  detected  in  incisor  dentin  from 
females.  Tin  was  not  detected  in  molar  dentin  from  either  mates  or  females. 
The  iron  content  of  incisor  and  molar  dentin  was  less  than  that  of  incisor  and 
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molar  enamel,  and  the  iron  content  of  incisor  dentin  was  more  than  that  of 
molar  dentin.  The  iron  content  of  incisor  enamel  and  dentin  from  males  was 
greater  than  that  of  similar  tissues  from  females. 

DISCUSSION 

In  studying  the  chemical  composition  of  teeth,  attention  has  been  directed 
generally  toward  ascertaining  the  more  abundant  inorganic  elements  in 
enamel  and  dentin,  with  a  view’  to  defining  the  chemical  structure  of  the  in¬ 
organic  phases  of  these  tissues  or  to  ascertaining  some  variation  in  composition 
between  carious  or  noncarious  teeth. Even  today,  the  basic  chemical  formula 
of  the  inorganic  phases  of  enamel  and  dentin  has  not  been  completely  defined, 
and  our  knowledge  of  the  trace  elements  present  in  the  calcified  tissues  of  the 
tooth  is  insufficient  for  their  consideration  w’hen  attempting  to  devise  such 
formulas,  or  to  ascertain  the  relationship  of  such  elements  to  the  inorganic  or 
organic  phases  of  enamel  and  dentin.  In  studies  of  the  relationship  of  the 
composition  of  teeth  to  caries  susceptibility,  the  trace  element  fluorine  is  the 
only  one  that  has  been  show’ii  to  influence  consistently  the  resistance  of  teeth 
to  dental  caries.  The  function  of  other  trace  elements  and  their  influence,  if 
any,  on  the  physical  and  chemical  properties  of  tooth  tissues  is  undefined.'® 

In  an  attempt  to  increase  our  knowdedge  of  the  trace  elements  of  calcified 
tooth  tissues,  we  have  analyzed  hamster  enamel  and  dentin  for  34  possible 
trace  elements,  of  w’hich  17  were  found  consistently  in  enamel  and  2  addi¬ 
tional  elements  w’ere  found  occasionally.  Sixteen  elements  were  found  con¬ 
sistently  in  dentin  and  3  were  present  occasionally.  Composition  differences 
W’ere  observed  in  enamel  and  dentin  for  chromium,  iron,  magnesium,  man¬ 
ganese,  nickel,  and  silver.  The  other  elements  were  not  detected  or  did  not 
vary  significantly  w'ith  the  source  of  the  tissue.  Iron  was  much  more  abun¬ 
dant  in  the  calcified  tissues  that  are  normally  iiigmented,  such  as  incisor 
enamel.  Higher  concentrations  of  iron  were  present  in  incisor  dentin  than 
were  present  in  molar  dentin,  although  some  iron  was  present  in  all  samples 
of  enamel  and  dentin.  Zinc,  which  has  been  found  previously  in  teeth  in 
concentrations  of  about  0.02  per  cent,"  was  not  found  in  either  enamel  or 
dentin  by  spectrographic  analysis.  No  significance  can  be  attached  to  the 
absence  of  zinc  since  the  estimated  limit  of  detection  by  this  method  of  analysis 
is  about  0.05  per  cent. 

The  magnesium  detected  in  enamel  and  dentin  by  spectrochemical  analysis 
was  lower  than  that  previously  detected  by  chemical  analysis.  While  the 
accuracy  of  the  spectrochemical  method  of  analysis  usually  decreases  as  the 
concentration  of  the  element  increases,  the  reason  for  the  spectrochemical 
method  detecting  less  magnesium  is  as  yet  unknowm.  Lead  was  the  only  ele¬ 
ment  wdiich  did  not  give  consistent  values  w’hen  several  analyses  w'ere  made  of 
one  sample  of  tissue. 

The  ashed  enamel  and  dentin  analyzed  spectrochemically  in  this  study  con¬ 
tained  the  inorganic  elements  of  both  the  inorganic  and  organic  phases  of  the 
tissues.  Many  of  the  trace  elements  that  have  been  detected  in  the  ash  from 
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whole  tissues  may  decrease  in  concentration  or  be  absent  when  the  organic 
matrix  of  enamel  and  dentin  is  removed  prior  to  analyzing.  Enamel  and  dentin 
whose  organic  matrices  were  removed  prior  to  spectroehemical  analysis  are  being 
analyzed  spectrochemically. 


SUMMARY 

Enamel  and  dentin  from  incisor  and  molar  teeth  of  adult  male  and  female 
Syrian  hamsters  were  analyzed  spectrochemically  for  34  elements,  of  which 
17  w'ere  found  consistently  in  enamel  and  16  were  found  consistently  in  dentin. 
Several  other  elements  were  found  occasionally  in  the  tissues.  Calcium  and 
phosphorus  were  the  major  constituents,  while  manganese,  sodium,  and  iron 
were  the  only  other  elements  that  were  above  0.1  per  cent.  Composition 
differences  were  noted  for  chromium,  iron,  magnesium,  manganese,  nickel, 
and  silver. 

We  wish  to  express  our  appreciation  to  the  Spectrochemistry  Section  of  the  Division 
of  Chemistry  of  the  National  Bureau  of  Standards  where  the  spectroehemical  analysis  was 
accomplished. 
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THE  IDENTIFICATION  OF  PYRIMIDINES  IN  THE  FLUORESCING 
FRACTIONS  OF  THE  TEETH  OF  THE  SPERM  WHALE 

(PHYSETER  MACROCEPHALUS) 

R.  L.  HARTLES,  B.Rr.,  Ph.D.,  AND  A.  G.  LEAVER,  B.Sr. 

Biochemistry  Department,  School  of  Dental  Surgery,  University  of  Liverpool, 

Liverpool,  England 

WE  HAVE  earlier  reported  on  the  fluorescence  of  human  teeth  wlien  irra¬ 
diated  with  ultraviolet  light.®  During  the  course  of  this  work  we  were 
fortunate  enough  to  obtain  a  few  teeth  of  the  sperm  whale  (Fhyseter  macro- 
cephalus).  These  teeth  are  characterized  by  a  complete  absence  of  enamel  and 
consist  of  a  central  core  of  dentin  surrounded  by  a  thick  layer  of  cementum. 
The  incisal  tip  of  the  tooth  consists  of  exposed  dentin.  Each  tooth  was  about 
5  or  6  inches  in  length  and  weighed  between  400  and  650  Grams.  In  view  of 
the  relatively  large  amount  of  material  available,  it  was  decided  to  investigate 
the  fluorescing  fractions  of  these  teeth. 

EXF'KRIMENTAL 

The  methods  of  exciting  and  examining  fluorescence  were  the  same  as  those 
described  earlier.®  The  cementum  and  dentin  were  separated  by  cleavage,  and 
any  small  portions  of  either  tissue  which  remained  were  removed  with  the  aid 
of  a  grinding  wheel. 

Whale  Cementum. — The  cementum  was  dull  white  in  color  and  fluoresced 
strongly  with  a  blue  color.  Its  specific  gravity  was  about  1.9;  the  nitrogen  con¬ 
tent  averaged  3  per  cent  (w/w). 

Extraction  of  Ujnds:  The  cementum  was  broken  into  small  pieces  in  a  per¬ 
cussion  mortar  and  dried  at  1(K)°  C.  A  sample  (15.393  Gm.)  was  extracted  with 
ether  in  a  continuous  extractor  for  6  hours;  this  yielded  0.031  Gm.  of  lipid  ma¬ 
terial  (0.20  per  cent  w/w)  having  a  weak  blue  fluorescence  both  in  solution  and 
in  the  solid  state.  This  lipid  fraction  was  saponified  with  60  per  cent  (w/v) 
NaGH.  The  nonsaponiflable  matter,  when  dissolved  in  light  petroleum,  fluo- 
rescwl  weakly  blue  and  gave  a  faintly  j)ositive  Liebermann-Burchard  reaction, 
indicating  the  presence  of  a  sterol.  Adsorption  chromatography  on  activated 
alumina  resolved  2  fractions.  Ultraviolet  ab.sori)tion  spectra  of  these  fractions 
did  not  reveal  any  selective  absorption.  The  .saponifiable  matter  was  acidified 
with  H2H(>4  and  the  acidic  materials  extracted  with  ether.  A  faintly  positive 
molybdate  test  for  jihosphate  suggested  the  i)rescnce  of  phospholipid.  Adsorp¬ 
tion  chromatography  on  alumina  yielded  only  one  fluorescing  fraction;  its  ultra¬ 
violet  absorption  spectrum  showed  a  smalt  inflexion  in  the  region  of  240  to 
270  uifi.  The  (juantity  of  fluore.scing  materials  present  in  these  fractions  was 
very  small  and  their  study  was  not  pursued. 

Received  for  publication  .Tuly  26,  1954. 
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Digestion  of  cementum  with  ethylene  glycol  containing  3  per  cent  (w/v) 
KOH:  Samples  (about  200  Gm.)  were  broken  into  small  pieces  and  extracted 
by  refluxing:  with  300  ml.  of  the  alkaline  ethylene  glycol.  After  4  hours  the 
dark  red-brown  liquor  was  decanted,  the  pieces  of  cementum  crushed  (this  w’as 
rendered  much  easier  after  digestion),  and  the  extraction  continued  with  the 
same  volume  of  3  per  cent  (w/v)  aqueous  KOH.  Both  extracts  were  mixed, 
cooled,  and  extracted  with  4  successive  50  ml.  portions  of  ether.  The  ether 
extracts,  containing  nonsaponifiable  matter,  were  evaporated  to  dryness  and  ex¬ 
tracted  with  light  petroleum,  material  insoluble  in  this  solvent  being  dis¬ 
solved  in  ether.  The  2  fractions  were  named  WCl  and  \VC2,  respectively. 
After  ether  extraction,  the  aciueous  glycol  liquor  was  acidified  with  H2SO4  and 
continuously  extracted  with  ether  in  a  liquid/liquid  extractor.  The  extracts 
were  evaporated  and  extracted  with  light  petroleum,  petrol-insoluble  matter 
then  being  dissolved  in  ether.  These  2  solutions  w'ere  termed  WC3  and  WC4, 
respectively. 

All  4  fractions  exhibited  blue  fluorescence  in  ultraviolet  light  and  were 
colored  yellow.  It  was  noticeable  that  fraction  WC4  contained  most  dksolved 
material,  was  the  most  pigmented,  and  fluoresced  the  most  strongly.  The  nature 
of  the  materials  in  these  fractions  was  probably  of  3  types:  (a)  true  lipids; 
(b)  nonlipid  material  partially  soluble  in  ether;  and  (e)  substances  carried 
over  in  the  wet  ether. 

Fractions  WCl,  WC2,  and  WC3  contained  very  little  material;  attempts 
to  resolve  them  by  adsorption  chromatography,  although  giving  some  (jualita- 
tive  separation,  yielded  such  tiny  fractions  that  their  study  was  abandoned 
in  favor  of  the  much  larger  fraction  WC4. 

Adsorption  chromatography  of  fraction  WC4:  The  ethereal  solution,  con¬ 
taining  acidic  or  potentially  acidic  sub-stances,  was  chromatographed  on  a  column 
of  activated  alumina  (Grade  O,  Peter  Spence  and  Co.,  Ltd.,  Widnes).  The 
strongly  fluorescing  material  was  adsorbed  firmly  at  the  top  of  the  column,  and 
development  with  ether  caused  elution  of  a  faintly  fluorescent  fraction.  Ether 
methanol  (1:1  v/v)  eluted  several  small  fractions,  and  methanol  alone  1  or  2 
more  tiny  fractions  (WC4/1  to  WC4/7).  The  main  bulk  of  the  fluorescing 
material,  however,  could  be  removed  only  by  development  with  methanol  am¬ 
monia  (1:1  v/v).  This  fraction  moved  as  a  discrete  band  and  was  termed 
WC4/8;  from  its  behavior  on  the  column  we  considered  that  it  was  not  a  lipid 
and  was  acidic  in  nature. 

The  ultraviolet  absorption  spectra  of  the  earlier  fractions  showed  little 
selective  absorption  except  in  the  case  of  W(^4/6.  This  small  fraction,  de¬ 
veloped  from  the  column  with  methanol,  fluoresced  with  a  marked  purple  color; 
the  ultraviolet  absorption  curve  had  Kmnx.  250  my,  and  345  my,  295  m/x.  The 
extinction  at  250  my  being  1.4  times  that  at  345  m/i.  From  the  appearance  of 
the  absorption  curve  this  fraction,  although  small,  was  quite  i)ure.  l^nfor- 
tunately,  the  fraction  was  so  tiny  that  further  study  was  not  po.ssible  at  this 
stage. 

Fraction  M'C4/8:  The  eighth  and  final  fraction  from  W(M  was  by  far 
the  largest  one  obtained.  We  decided  therefore  to  concentrate  our  efforts  on 
its  investigation.  A  further  2(M)  Gm.  of  cementum  was  treated  as  before  and 
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the  final  fraction  of  \N'C4,  henceforth  known  as  compound  R,  was  obtained  by 
chromatographic  separation  on  an  alumina  column.  The  fraction  was  purified 
by  a  further  chromatographic  treatment.  About  10  mg.  of  an  amorphous  mate¬ 
rial  was  obtained.  The  absor])tion  spectrum  of  a  solution  in  ethanol  showed 
a  well-defined  maximum  at  264  ni/i  and  a  minimum  at  230  niju,.  Fig.  1  shows 
the  ultraviolet  absorption  curves  in  O.IN  HCl  and  in  O.IX  NaOH. 


Fig.  1. — Absorption  spectra  of  compound  R  obtained  from  wtialc  cemcntuni ; - in  0.1 

NHCi;  -  in  O.IN  NaOH. 

In  earlier  work,®  it  was  suspected  tliat  pyrimidines  were  present  in  frac¬ 
tions  from  humaii  teeth.  The  absorption  spectrum  of  comiiound  R  is  similar 
to  that  of  pyrimidines,  so  we  decided  to  investigate  this  iiossibility.  Nitrogen 
determ inatioiLS  on  compound  R  gave  values  of  about  22  per  cent.  The  following 
chemical  tests  were  made:  Henedict’s  test  for  redueing  sugar  was  negative; 
ninhydrin  test  was  negative;  Ehrlich’s  reagent  gave  a  faintly  positive  test; 
and  Wheeler  and  Johnson’s  test  was  negative  (this  test  is  given  by  uracil  and 
cystosine  but  not  by  thymine),  (.’ompound  R  could  lx*  readily  acetylated,  u.sing 
acetic  anhydride  and  pyridine,  its  weight  being  thereby  increased  by  about  40 
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per  cent.  It  could  not  be  methylated  by  the  use  of  diazomethane.  The  fluores¬ 
cence  in  neutral  solution  (ethanol  or  water)  was  blue,  in  dilute  NaOH  it  was 
blue-green,  but  was  yellow  in  the  presence  of  ammonia.  The  absorption  spectra 
of  purines  and  pyrimidines  have  received  considerable  attention.*’ 

Comparing  our  results  with  those  of  these  workers  we  concluded  that :  (1)  com¬ 
pound  R  was  probably  a  pyrimidine  rather  than  a  purine;  (2)  the  compound 
(if  a  pyrimidine)  was  substituted  in  the  2,  6;  4,  6;  or  2,  4,  6  positions,  to  ac¬ 
count  for  the  selective  absorption  with  Amax.  *-65  m/i;  (3)  there  was  no  amino 
group  present  since  we  did  not  obtain  a  precipitate  with  phosphotungstic  acid; 
(4)  the  compound  appears  to  be  relatively  symmetrical  about  the  2,  5  posi¬ 
tions;  othenvise  there  should  be  a  large  shift  in  absorption  maximum  at  an 
alkaline  pH;  (5)  if  no  amino  group  is  present,  a  hydroxy  or  keto  group  ca¬ 
pable  of  enolization  mu.st  be  present  to  account  for  acetylation;  (6)  the  com¬ 
pound  may  be  derived  from  a  weakly  acidic  substance  which  has  been  eluted 
from  the  alumina  column  as  an  ammonium  salt.  ^lany  of  the  properties  could 
be  ascribed  to  uracil  (2,  6-dioxypyrimidine)  or  thymine  (2,  6-dioxy-5-methyl- 
pyrimidine),  the  latter,  according  to  Levene  and  Bass,’®  differs  from  other  com¬ 
mon  pyrimidines  in  lieing  slightly  soluble  in  ether.  However,  the  fact  that  the 
absorption  spectrum  in  alkaline  solution  showed  practically  the  same  maxim- 
mum  as  in  neutral  and  acid  solution  seemed  to  negate  this  possibility.  It  was 
decided  to  apply  classical  chemical  methods  for  the  separation  of  purines  and 
pyrimidines  to  compound  R.  A  further  sample  of  R  was  therefore  prepared 
from  200  Om.  cementum. 

Chemical  procedure  for  the  separation  of  purines  and  pyrimidines:  The 
procedure  was  based  on  that  outlined  by  lA’vene  and  Bass.’"  An  a<|ueous  solu¬ 
tion  of  compound  R  was  treated  with  twice  its  volume  of  ammonia  (0.88  s.g.*). 
No  precipitate  was  formed,  which  indicated  that  guanine  was  absent.  The 
addition  of  phosphotungstic  acid  did  not  cause  any  i)recipitation;  therefore,  no 
basic  comi)ounds  such  as  adenine  or  cystosine  were  present.  The  excess  of 
phosphotungstic  acid  was  removed  by  Iwiling  with  Ca(()ll)2  and  filtering  off 
the  solids.  The  basic  filtrate,  which  was  still  strongly  fluorescent,  was  treated 
with  AgNOs  solution  until  precipitation  was  (•omplete.  The  precipitate  was 
collected,  washed,  suspended  in  water  and  decomposed  by  i)assing  HoS  through 
the  suspension  for  one  hour.  The  silver  sulfide  was  removed  by  filtration,  the 
filtrate  freed  of  IIjS  by  aeration,  and  evaporated  to  dryness  in  vacuo.  The 
yellow  gum  thus  obtained  was  dis.solved  in  ethanol  and  referred  to  as  ‘‘com¬ 
pound  S.”  The  absorption  spectrum  in  O.IN  NaOH  had  Amax.  *260-262  ni/i, 
^min.  238  m/x;  in  O.IN  H(M,  An,*,.  ‘265-267  ni/n,  Ann,,.  “242  m/i;  in  addition  there 
was  another  small  peak,  Amax.  325  m/i,  A,„i„,  305  lu/x. 

The  yellow  gum  (30  mg.)  was  dissolved  in  methanol/ether  (1:1,  v/v)  and 
chromatographed  on  a  column  of  OaCOs.  A  small  portion  of  weakly  fluores¬ 
cent  material  was  not  adsorbed;  this  was  discarded.  The  main  fraction  was 
collected  and  termed  “Sa.”  Its  abw^rption  spectrum  in  O.IN  HCl  had  Amax. 
267  lUfi,  Amin.  243  my,  but  the  smaller  peak  present  in  S  at  325  n\p  had  disap¬ 
peared.  The  solution  of  Sj  was  evaporated  yielding  8  mg.  of  material  which 
contained  13  per  cent  N  (micro-Kjeldahl). 

•Specific  gravity. 
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Comparison  beiueen  R  and  S*:  The  two  fractions  appeared  to  be  very 
similar  in  spe<‘troseopic  and  fluorescent  properties.  The  only  fundamental  dif¬ 
ference  was  in  nitrofren  content  and  pH  in  solution.  R  contained  22  per  cent 
N  and  was  neutral  in  reaction.  So  contained  13  per  cent  N  and  was  slightly 
acidic.  This  could  perhaps  be  explained  if  R  were  the  ammonium  salt  of  S2. 
If  So  contained  only  13  per  cent  X,  and  yet  was  a  pyrimidine  derivative,  so  that 
it  must  contain  at  least  2  nitrogen  atoms,  its  minimum  molecular  weight  would 
be  of  the  order  200  to  250.  This  suggested  that  there  must  be  a  substituent 
group  in  the  pyrimidine  ring. 


220  260  300  3lt0 

length  (n^ 


Kik.  2. — Absorption  spe^ctra  of  ooni|Mjun<l  Si  obtained  from  whale  ceinentuni ; - 

in  O.IN  HCl;  — -  in  O.IN  Na(JH.  blaxitiiuni  absorption  cloes  not  shift  to  longer  wave  length 

in  alkaline  s<jlution  ;  analogous  to  thymine  deoxy riboside. 

A  further  supjily  of  was  prepared,  250  dm.  of  cementum  yielding  35 
iiig.  of  yellow  gum.  The  absorption  spectra  data  were  as  follows;  in  jiH  7 
buffer,  375  at  2G4  nip,  237  iii/t;  in  O.IN  HCl  386  at 

Auu.x.  ^08  nip,  Aniiu.  230  nip;  in  O.IN  NaOH,  R  257  at  A,uux  263  nip,  A,niu. 
236  nip.  There  is  thus  no  great  shift  in  the  wave  length  of  maximum  absorption 
in  alkaline  stflution  (Fig.  2). 
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If  S2  were  a  simple  pyrimidine,  this  would  suggest  symmetry  in  the  mole¬ 
cule.  Thus,  barbituric  acid  (2,  4,  6-trioxypyrimidine)  exhibits  no  shift  with 
pH  change,®  whereas  the  asymmetrical  uracil  (2,  fi-dioxypyrimidine)  has  a  maxi¬ 
mum  absorption  in  acid  at  252  m/i  and  285  m/x  ui  alkaline  solution.*'  The 
absorption  spectrum  of  Sz  does  not  resemble  that  of  barbituric  acid,  but  it  does 
resemble  that  of  5-methylbarbituric  acid.^’  ’*  However,  this  compound  is  un¬ 
stable  in  acid  solution,  the  extinction  value  de<*reasing  to  one-fifteenth  of  its 
original  on  standing  16  hours  at  pH  2.  No  significant  decrea.se  in  tlie  absorp¬ 
tion  of  So  could  be  demonstrated  in  these  eircum.stances. 


Fig.  3. — Absorption  spectra  of  compound  T  obtained  from  whale  cementum ; - in 

O.IN  HCl :  - —  in  O.IN  NaOH.  Note  sliift  of  maximum  absorption  to  longer  wave  length 

in  alkaline  solution ;  analogous  to  thymine. 

Stimson  and  Reuter*®  observed  that  the  substitution  of  groups  on  tlie  nitro¬ 
gen  atom  at  position  3  stabilized  the  molecule  of  an  asymmetrical  pyrimidine, 
so  that  its  absorption  maximum  in  alkaline  solution  does  not  show  the  normal 
shift  to  longer  wave  length.  They  refer  specifically  to  thymine  desoxyriboside, 
which  possesses  the  following  spectroscopic  data,  in  acid  and  neutral  solution, 
A.„mx  265  nifi  (tu,«x  9,000);  in  alkaline  solution,  Amu*.  5i65  nija  (xumx  6,500). 
Macnutt**  gave  rather  higher  values,  9,500  and  7,300,  re.spe<*tively.  In  this 
compound,  the  group  substituting  in  position  3  does  not  absorb  in  the  ultraviolet 
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ro"ion.  A  particularly  noticeable  feature  is  the  decrease  in  extinetion  eoefficient 
by  one-third  in  alkaline  solution.  If  we  examine  the  data  for  So  we  find  that 
this  reduction  also  occurs:  values  are  reduced  from  .‘180  to  257,  It 

would  appear,  therefore,  that  So  is  a  pyrimidine,  probably  thymine,  which  car¬ 
ries  a  nonabsorbiiifi  substituent  "roup  at  position  3;  such  a  firoup,  if  present, 
must  have  resisted  hydrolysis  in  the  treatment  with  alkaline  ethylene  jrlyeol. 

In  order  to  test  our  hyi)othesis,  and  to  split  off  any  side  chain,  a  sam]ile  of 
So  was  hydrolyzed  by  refiuxin"  with  6\  HCl  for  four  hours.  The  solution  was 
evajiorated  to  dryness,  redissolved  in  ethanol,  and  evaporated  several  times  to 
remove  traces  of  IICl.  F^'inally,  the  solid  material  was  dis.solved  in  a  few  milli¬ 
liters  of  O.IN  XaOII  and  ^wice  the  volume  of  ethanol  added.  After  the  solution 
was  kept  for  3  days  at  0°  C.,  small  feathery  crystals  formed  and  were  collected 
by  filtration.  This  very  small  <|uantity  of  crystalline  material  was  termed 
“compound  T.”  It  was  dissolved  in  O.IN  NaOII  and  the  absorption  spectrum 
determined  before  and  after  acidifyiii"  to  pll  1.  The  spectroscopic  data  for 
compound  T  and  thymine  were  as  follows: 


pll  1 
pll  13 


('om pound  T 

^niax.  ^miii. 

264  lu/i  235  m,u 
200  m/i  245  niju. 


Thymine 

^max.  ^min. 

263-265  nija  235  m/i 
290  m/x  245  ni/x 


Thus,  compound  T  is  spectroscopically  very  similar  to  an  authentic  sample  of 
thymine,  meltiii"  point  318°  C.  (L.  Light  and  Co.). 

A  further  sami)le  of  comi)ound  T  (10.2  mg.  of  crystals,  melting  point  315- 
317°  d.)  was  prei)ared  from  250  (Im.  of  cementum.  Solutions  (0.001  per 
cent  w/v)  were  prepared  in  O.IN  IICI  and  in  O.IN  NaOII.  The  curves  are 
shown  in  Fig.  3. 

In  O.IN  HCl  and  O.IN  NaOII,  E}*^^  was  720  and  570,  respectively.  This 
shift  of  maximum  absorption  in  alkaline  solution  to  longer  wave  length  is 
exactly  as  for  thymine.  Assuming  that  compound  T  is  thymine,  tmax.  would  be 
0,072  in  acid  and  7,182  in  alkaline  solution,  rather  higher  than  the  accepted 
values  for  thymine,  which  are  8,000  and  5,200,  respectively.  We  are  unable  to 
exj)lain  this  discrepancy  at  ])resent;  it  may,  however,  be  due  to  the  jiresenee 
of  a  small  amount  of  another  pyrimidine  which  absorbs  selectively  in  the  same 
I’Cgion  as  thymine  but  with  greater  intensity. 

Infrared  spectroscopy :  To  gain  additional  information  concerning  the 
identity  of  compound  T,  use  was  made  of  infrared  spectroscopy  rather  than 
elemental  analysis;  the  spectrum  was  compared  with  that  of  an  authentic  sample 
of  thymine.  The  solids  were  dispersed  in  Nujol  (licpiid  paraffin)  and  examined 
on  the  infrared  s])ectrometer.  The  results  are  given  in  Table  I. 

From  the  results  shown  in  Table  I  it  is  apparent  that  the  2  spectra  are 
identical  with  respect  to  all  points  where  strong  peaks  are  found.  We  con-sider, 
therefore,  that  compound  T  is  indeed  thymine  (2,  6-oxy-5-methylpyrimidine). 

Whale  Dentin. — The  dentin  is  harder  than  the  cementum.  It  possesses  a 
pinkish  brown  color  contrasting  with  the  dull  white  of  the  cementum,  and 
fluoresces  with  a  much  whiter  light.  It  contains  3.02  per  cent  (w'/v)  N  compared 
with  3.00  per  cent  (w/v)  N  in  cementum. 
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Extraetioti  of  lipids:  Dentin  (3.024  (tin.)  was  powdered  in  a  percussion 
mortar  and  extracted  with  ether  for  6  hours  in  a  continuous  extractor.  Lij)id 
material  obtained  weiprhed  0.021  (Sm.  (0.7  per  cent  w/w)  and  exhibited  feeble 
fluorescence.  After  saponification,  the  nonsaponifiable  matter  "ave  a  weak 
sterol  reaction.  The  study  of  these  lipids  was  not  pursued. 


Table  I 


The  Comparison  of  Infrared  Spextra  of  Thymine  and  Compovnd  T 

THYMINE 

1  COMPOVNI)  T 

WAVE  NVMBER 

WAVE  NVMBER 

GROVP 

(CM.-l) 

INTENSITY 

(CM.-l) 

INTENSITY 

INDICATED 

3,125 

Strong 

3,125 

Strong 

NH 

2,930 

Strong 

2,932 

Strong 

C-CH, 

2,849 

Strong 

2,849 

Strong 

C-H 

1,724 

Strong 

1,724 

Strong 

r=o 

1,675 

Strong 

1,675 

Strong 

C33N-(?) 

1,431 

Avx'rage 

1,431 

Average 

R-CH=CH-R 

1,366 

Averagt' 

1,366 

Average 

The  spectra  were  interpreted  with  reference  to  Gilman.® 


Digestion  of  dentin  with  alkaline  ethylene  glycol:  Dentin  (200  (Im.)  was 
treated  exactly  as  was  the  cementum.  Extraction  of  the  digest  with  ether 
before  and  after  acidification  yielded  fluorescent  fractions  very  much  smaller 
indeed  than  those  obtained  from  ceiuentum.  A  fraction  ^1)4  was  prepared 
cori'e.spondin^  to  \VC4  and  subjected  to  chromato"raphic  analysis  on  an 
alumina  column.  The  final  fraction  eluted  with  methanol  ammonia  (1:1,  v/v) 
appeared  very  similar  to  compound  R,  but  there  was  very  much  less  of  it. 

A  further  small  (piantity  of  this  fraction  was  prepared  from  about  500  (Jm. 
of  dentin  and  treated  as  for  the  preparation  ot‘  compound  S.^.  A  small  amount 
of  a  dark  red  {jum  was  obtained.  The  spectroscopic  data  were  as  follows:  in 
O.IN  HCl,  268  ni/x.  Ami,,.  240  m/x,  E  265;  in  O.IN  NaOH,  A„,,,i.  263  niju, 

Amin.  238  m/A,  Ej^^  175.  Thus,  it  is  very  similar  to  So.  The  fraction  was 
hydrolyzed  with  6N  HCl  for  6  hours,  taken  to  dryness,  and  dissolved  in  hot 
water.  This  axpieous  solution  was  thoroufjhly  extracted  with  ether.  The  ether 
extracts  were  evaporated  and  redissolvcd  in  water,  the  solution  was  concentrated 
and  left  to  stand  at  0°  C.  overnight,  but  no  crystals  were  obtained.  The  absor]>- 
tion  spectra  of  the  solution  were  similar  to  those  of  thymine:  at  pH  13,  Amax. 
288-290  m/x,  Amin.  244  m/x;  at  pH  1,  Amax.  263-265  ni/x,  Amin.  236  niju,.  It  was 
impossible  to  carry  out  satisfactory  infrared  spectroscopy  as  no  crystalline 
material  capable  of  dispersion  in  Nujol  was  obtained.  Nevertheless,  it  appears 
highly  probable  that  thymine  also  exists  in  whale  dentin  as  well  as  in  the 
cementum  but  in  very  mueh  smaller  concentration. 

Phosphotungstic  acid  preciintation :  When  fraction  WD4  was  dissolvetl 
in  water  and  treated  with  phosphotungstic  acid,  a  small  precipitate  was  formed. 
This  was  not  observed  in  the  similar  extract  WC4  from  cementum.  This 
precipitate  was  collected,  decomposed,  and  hydrolyzed  with  6N  IH^l.  The 
ultraviolet  absorption  spectrum  in  O.IN  HCl  had  Amax.  265  m/x  and  in  O.IN 
NaOH,  Amax.  278-280  m/x.  This  result  .suggx^sts  a  very  small  (piantity  of  an 


828 


HARTLES  AND  LEAVER 


J.D.  Res. 
December,  I95S 


ether-soluble  pyrimidine.  Its  forming  a  complex  with  phosphotungstic  acid 
indicates  the  presence  of  an  amino  group;  ether  solubility,  as  in  the  case  of 
thymine,  may  be  due  to  a  methyl  group.  These  rather  sketchy  data  suggest 
that  a  compound  of  the  type  of  5-methylcytosine  might  be  present.  This 
pyrimidine  is  rather  a  rare  one,  and  further  study  would  be  of  interest.  This 
will  have  to  be  deferred  until  the  return  of  the  whaling  fleet  provides  us  with 
more  material. 


DISCUSSION 


Ultraviolet  and  infrared  spectroscopy  provide  strong  evidence  that  w'hale 
cementum  contains  the  pyrimidine  thymine.  One  discrepancy  in  the  evidence 
must  be  mentioned.  The  ultraviolet  absorption  spectra  of  compound  T  and 
thymine  are  identical  with  respect  to  maxima  and  minima  and  shape  of  curve. 
The  value  of  E  for  compound  T  is,  however,  higher  than  that  for  thymine. 
Since  the  infrared  spectra  are  in  very  close  agreement,  we  feel  justifled  in  con¬ 
cluding  that  thymine  does  exist  in  whale  cementum  and  is  probably  present  to 
a  much  smaller  extent  in  the  dentin.  We  have  little  information  concerning 
the  nature  of  the  parent  compound  S2.  The  most  likely  substance  would  be 
a  nucleic  acid  derivative  of  larger  size  than  a  pyrimidine,  probably  a  nucleoside. 
It  appears  that  thymine  is  found  in  combination  only  with  desoxyribose  and  not 
with  ribose.^®  According  to  Levene  and  Bass,^®  thymine  desoxyriboside  melts  at 
185°  C.  and  will  therefore,  if  present,  be  above  its  melting  point  during  the 
treatment  with  alkaline  ethylene  glycol.  It  is  unlikely  that  the  desoxyriboside 
would  remain  unaltered  by  this  treatment,  even  though  its  hydrolysis  was  not 
complete.  W e  were  unable  to  obtain  any  positive  tests  for  pentose  on  any  of  our 
fractions. 

Nitrogen  analysis  of  S2  indicates  (on  the  basis  of  2  nitrogen  atoms)  a 
molecular  weight  of  about  220.  Increase  in  weight  on  acetylation  (on  a  basis  of 
2  potential  hydroxyl  groups)  suggests  a  molecular  weight  of  about  215.  The 
molecular  weight  of  thymine  desoxyriboside  is  242.  It  is  possible,  therefore, 
that  the  compound  S2  is  derived  from  the  desoxyriboside.  It  is  almost  certainly 
substituted  in  position  3  since  such  substitution  is  known  to  prevent  the  shift 
of  maximum  absorption  to  longer  wave  length  in  alkaline  solution. 

The  fluorescence  of  our  extracts  is  destroyed  by  reduction  with  sodium 
dithionite  and  can  be  restored  by  reoxidation.  This  suggests  that  the  following 
type  of  system  may  be  involved : 
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We  feel  justified,  therefore,  in  suggesting  that  a  nueleoprotein  containing 
a  desoxyribonucleic  acid  is  a  component  of  whale  cementum  and  probably  of  the 
dentin.  This  is  interesting  since  it  is  believed  that  desoxyribonucleic  acids  usually 
preponderate  in  the  nuclear  material,  the  ribonucleic  acids  being  found  in 
greatest  quantity  in  the  cytoplasm.^  Neither  cementum  nor  dentin  can  be  con¬ 
sidered  to  contain  a  large  number  of  nuclei.  It  may  be,  of  course,  that  we  have 
given  undue  prominence  to  thymine  since  it  happens  to  be  extractable  in  ether. 
Other  ether-insoluble  pyrimidines  may  still  be  undetected  in  the  main  alkaline 
hydrolysate.  This  problem  is  being  investigated. 

It  must  be  emphasized  that  the  ether-soluble  fraction  accounts  for  only  a 
ver>’  small  proportion  of  the  total  fluorescence  of  our  digest.  We  are  not 
claiming  that  thymine  is  responsible  for  the  whole  fluorescence  of  whale 
cementum  or  dentin.  It  is,  however,  interesting  to  note  that  fluorescent  photo¬ 
micrographs  reveal  that  the  fluorescence  of  human  dentin  is  concentrated  in 
the  dentinal  tubules.*  These  tubules  contain  the  dentinal  fibrils  or  Tomes ’s 
fibers,  which  are  considered  to  be  cytoplasmic  processes  of  the  odontoblasts.*® 
It  has  also  been  suggested  that  mitochondria  are  present  in  the  Tomes ’s  fibers.** 
It  is  possible  therefore  that  the  nucleoproteins  exist  within  the  Tomes ’s  fiber 
and  would  at  least  contribute  to  the  fluorescence.  In  an  earlier  study  of  human 
dentin,®  many  fluorescent  fractions  were  obtained  whose  absorption  spectra 
showed  Amax.  250-270  m^L  and  Amin.  230-240  m/i.  These  are  akin  to  the  absorption 
spectra  of  many  pyrimidines  except  that  no  shift  to  longer  wave  length  in 
alkaline  solution  was  noted.  We  now  realize  that  this  may  be  due  to  substitution 
in  position  3  of  the  pyrimidine  molecule.  This  human  material,  which  was  not 
soluble  in  ether,  and,  therefore,  differs  from  that  described  in  the  present  work, 
should  repay  reinvestigation. 

Wislocki  and  Sognnaes*®  reported  that  basophilia  present  in  the  cytoplasm 
of  odontoblasts  and  ameloblasts  were  attributable  to  ribonucleoprotein.  More 
recently  Johnson  and  Bevelander®  have  demonstrated  by  histochemical  methods 
tl  Cl  both  ribo-  and  desoxyribonucleic  acids  are  components  of  the  ameloblasts 
and  odontoblasts  of  developing  incisor  teeth  of  pig  embryos.  They  observed 
that  the  nucleic  acids  in  these  cells  gradually  appear  as  the  cells  differentiate 
and  reach  a  high  level  which  is  maintained  during  the  functional  period. 


SUMMARY 

1.  Thymine  (2,  6-dioxy-5-methylpyrimidine)  has  been  isolated  from  the 
cementum  of  the  sperm  whale. 

2.  A  very  similar  pyrimidine  has  been  detected  in  the  dentin,  but  in  much 
less  (luantity. 

3.  An  ether-soluble  basic  pyrimidine  has  also  been  detected  in  the  dentin. 

4.  It  would  seem  likely  that  these  pyrimidines  are  derived  from  nucleopro- 
tcins  in  the  dental  tis.sues  of  the  sperm  whale. 

5.  The  nucleoproteins  of  the  dentinal  tubules  may  contribute  to  the 
fluorescence  of  dentin. 
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IMIOTOKLASTKITV  AS  A  RESEARCH  TECHNIQUE  FOR  ANALYZING 
STRESSES  IN  DENTAL  STRUCTURES 

1).  It.  ArAHI.EK,  AND  F.  A.  PEYTON,  D.Sr. 

School  of  Dentistry,  Dnirtrsity  of  MU-higan,  .Inn  .Irbor,  Mich. 

The  i^riinary  purpose  of  the  masticatory  i>rocess  is  to  apply  forces  to  the 
nutritional  substances  which  are  taken  into  the  mouth,  thereby  causin" 
a  reduction  in  their  size.  The  mechanism  for  this  action  includes  the  medium 
of  tooth  structure  which  not  only  applies  these  forces  directly  to  the  food 
masses,  but  is  itself  subject  to  the  effeets  of  these  forces. 

In  "eneral,  the  effects  of  forces  applied  to  a  body  are  manifest  in  the 
development  of  internal  stres.ses  which  are  distributed  in  accordance  with  the 
direction  of  the  apjdied  forces,  the  manner  in  which  the  body  is  supported,  and 
the  shape  of  the  body.  Furthermore,  these  stresses  are  accompanied  by  internal 
deformations  or  strains  within  the  body,  and  if  their  magnitudes  are  suf¬ 
ficiently  lar"e,  i)ermanent  deformation  and,  ultimately,  failure  will  en.sue.  Tooth 
structure  and  dental  restorations  are  not  exceptions  to  these  rules.  The  struc¬ 
tural  design  of  normal  tooth  structures  is  such  that  they  withstand  the  effects 
of  masticatory  forces.  However,  when  tooth  structure  is  removed  and  replaced 
hy  a  dental  restoration,  the  normal  internal  stress  di.stribution  is  altered  and 
the  new  stress  situation  will  depend  on  the  design  of  the  cavity  preparation. 
Furthermore,  the  shape  of  the  restoration,  which  is  also  determined  by  the 
cavity  preparation,  is  of  considerable  im])ortance  as  to  whether  the  restorative 
material  will  underfio  permanent  deformation  or  fracture. 

In  "eneral,  then,  an  evaluation  of  the  internal  stresses  in  both  dental 
restorations  and  tooth  structures  should  yield  valuable  criteria  for  successful 
design. 

The  consideration  of  stres.ses  in  dental  structures  is  not  a  new  concept. 
There  has  been  considerable  reflection  concerniii};  the  design  of  dental  restora¬ 
tions  so  as  to  avoid  failure  caused  by  internal  stres.ses.  Most  of  these  efforts 
have  resulted  in  generalities  deduced  from  the  theory  of  elasticity  as  applied  to 
uniformly  shaped  structures  and,  therefore,  leave  much  to  be  desired  when 
confronted  by  the  irregular  shapes  of  dental  structures.  Empirical  rules  or 
criteria  have  developed  over  the  years  on  the  basis  of  clinical  evidence  and 
these  have  served  to  avoid  the  deleterious  effects  of  internal  stress  magnitudes. 
However,  since  both  the  design  and  size  of  dental  restorations  are  extremely 
limited  by  the  biologic  aspects  of  tooth  structure,  an  exacting  analysis  is  the 
only  solution  to  the  determination  of  an  optimum  structural  configuration. 

This  study  was  supported  by  a  research  grant  from  the  Veterans  Administration,  V-IOOIM 
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When  consideration  is  given  to  the  irregular  shapes  of  dental  restorations, 
an  experimental  method  of  stress  analysis  is  indicated  since  mathematical  the¬ 
ories  can  be  applied  only  to  certain  regular  shapes.  Photoelasticity  is  such  an 
experimental  method  and  it  is  the  purpose  of  this  paper  to  describe  this  method 
and  its  application  to  dental  restorative  design.  The  work  of  Noonan,*  Castro,^ 
and  King**  is  representative  of  the  first  concrete  attempts  to  utilize  this  method 
in  the  solution  of  dental  problems  with  regard  to  structural  design. 

A  3-dimensional  analysis  should  be  considered  since  most  dental  structures 
varj^  in  shape  and  loading  characteristics  in  3  dimensions.  However,  for  pur¬ 
poses  of  simplicity  and  convenience,  the  following  discussion  is  for  a  2-dimen- 
sional  analysis,  from  which  a  3-dimensional  approach  can  be  derived,  where 
indicated.  The  engineering  literature  is  quite  thorough  in  its  treatment  of 
photoelasticity,  and  for  more  complete  information,  which  is  beyond  the  scope  of 
this  paper,  reference  is  made  to  Frocht.*’  * 


arbitrary  shape  subjected 
TO  AN  arbitrary  SYSTEM 
OF  FORCE  APPLICATION 


Fig.  1. — Stresses  acting  at  a  point  in  a  body,  illustrating  the  orientation  of  the  principal  or 
maximum  stresses  p  and  q  as  well  as  the  maximum  shear  stress,  r. 

PRINCIPAL  STRE.S.SES 


The  general  procedure  in  structural  design  is  to  evaluate  the  maximum 
stresses  which  exist  in  a  structure  and  relate  these  to  the  inherent  strength 
properties  of  the  materials  which  compose  the  structure.  As  a  consequence, 
the  first  step  in  analysis  would  be  to  determine  the  maximum  stresses.  These 
stresses  are  illustrated  in  Fig.  1  for  a  2-dimensional  analysis.  The  sketch  on  the 
left-hand  side  is  a  schematic  representation  of  a  body  of  arbitrary  shape  sub¬ 
jected  to  an  arbitrary  system  of  force  application  (dental  structures  are  simply 
specific  cases  of  this  general  system).  To  investigate  the  internal  stresses  at 
any  point  in  this  Imdy,  that  is,  point  A,  it  is  convenient  to  magnify  a  small 
region  surrounding  this  point.  This  situation  is  shown  on  the  right-hand  side 

•since  preparation  of  this  paper  two  additional  references  to  this  subject  have  appeared: 
Haskins,  R.  C.,  Haack,  D.  C..  and  Ireland,  R.  L.,  Study  of  Stress  Pattern  Variations  In  Class 
II  Cavity  Restorations  as  ai  Result  of  Different  Cavity  Designs,  J.  I).  Rea.  .S3:  757,  1954,  and 
Watton,  C.  B..  and  Seven,  M.  M. :  A  Preliminary  Report  of  Photoelastic  Tests  of  Strain 
Patterns  Within  Jacket  Crowns,  J.A.D.A.  .SO:  44,  1955. 
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of  Fig.  1,  The  stresses  which  are  shown  acting  on  the  sides  of  the  square  ele¬ 
ment  are  those  produced  by  the  external  force  system  and  represent  a  general 
system  of  plane  stress,  that  is,  compressive,  tensile,  and  shear  type  stresses 
are  shown  acting  on  this  square  element.  The  magnitude  of  stresses  on  an  arbi¬ 
trary  plane  passed  through  the  element  can  be  determined  by  resolving  the 
.stresses  acting  on  the  external  sides  of  the  element.  As  a  further  condition, 
if  this  plane  is  specifically  oriented  such  that  no  shearing  stresses  are  present, 
then  the  normal  (perpendicular)  stress  to  this  plane  is  the  algebraic  maximum 
stress  which  exists  at  point  A  (corresponds  in  most  cases  to  the  largest  tensile 
stress).  Similarly,  another  plane,  perpendicular  to  the  aforementioned  plane, 
exists  upon  which  no  shearing  stresses  act  and  the  normal  stress  is  the  alge¬ 
braic  minimum  stress  at  point  A  (corresponds  in  most  cases  to  the  largest  com¬ 
pressive  stress).  These  stresses  are  shown  in  Fig.  1  and  their  normal  connota¬ 
tion  is  that  p  is  the  algebraic  maximum  stress  and  q  is  the  algebraic  minimum 
stress.  The  planes  upon  which  these  stresses  act  are  known  as  principal  planes. 
Furthermore,  on  a  plane  at  45  degrees  to  these  principal  planes,  the  acting 
shear  stress  t  is  a  maximum  and  the  following  relationship  is  valid. 


Although  considerable  work  has  been  done  in  the  field  of  engineering  on 
the  phenomenon  of  plastic  deformation  and  fracture  of  solid  structures,  the 
actual  relationship  between  the  physical  properties  which  describe  the  failure 
processes  and  the  maximum  internal  stresses  has  not  been  defined  exactly; 
this  relationship  being  strongly  dependent  upon  the  type  of  material  used  and 
the  way  in  which  stress  is  applied  to  the  material.  Despite  this  inadequacy, 
knowledge  of  the  maximum  stresses  serves  as  a  firm  basis  for  the  analysis  of 
structural  designs. 

PHOTOELASTIC  METHOD 

Photoelasticity  is  an  experimental  method  for  evaluating  the  stresses  re¬ 
sponsible  for  failure  of  a  structure.  The  general  procedure  is  to  construct  a 
model  of  the  structure  to  be  investigated  from  w'hat  is  known  as  a  photoelastic 
material.  The  direction  and  magnitude  of  the  applied  forces  on  the  model,  the 
way  in  which  the  model  is  supported,  and  the  shape  of  the  model  must  be 
similar  to  the  conditions  of  the  actual  structure.  The  internal  stre.sses  in  the 
model  will  then  be  similar  to  those  existing  in  the  actual  structure  regardless 
of  material  (as.suming  that  the  elastic  limit  has  not  been  exceeded  and  that  the 
original  stnTct^e  is  a  homogeneous  isotropic  material).  This  point  establishes 
its  validity  from  the  absence  of  material  physical  constants  from  the  stress 
distribution  relationship  of  2-dimensional  systems.  Experimental  verification 
of  this  point  also  exists. 

The  temporary  double  refraction  under  stress  of  certain  transparent  iso¬ 
tropic  materials  (photoelastic  materials)  is  utilized  for  photoela.stic  analysis. 
This  property  is  such  that  an  incident  ray  of  light  will  be  resolved  into  two 
rays  which  travel  along  the  principal  planes  of  the  material  at  the  point  of  in¬ 
cidence,  the  two  rays  traveling  at  different  velocities  and  one  emerging  retarded 
with  respect  to  the  other.  The  amount  of  retardation  is  directly  proportional 
to  the  difference  between  the  principal  stres.ses. 
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The  pliotoelastie  polariseope  is  used  to  measure  the  retardation,  thereby 
measuring  the  difference  iietween  the  principal  stresses.  The  mechanism  of 
measurement  utilizes  the  property  of  lifTht-wave  interference  (Fijr.  2).  The 
wave  theory  of  lijrht  is  used  to  exjilain  this  phenomenon.  For  sim])licity,  a 
monochromatic  lifrht  source  is  shown  (Fi".  2)  which  transmits  li«:ht  waves  in  all 
directions  to  the  polarizer.  The  polarizer  has  the  property  of  passiii"  only 
those  com])onents  of  the  incident  litrht  waves  which  arc  parallel  to  the  polariziii" 
axis.  Consequently,  plane  polarized  lijilit  is  produced  which  imi)in‘res  upon  the 
stressed  model  made  of  a  material  exhibitinfr  temiiorary  double  refraction  under 
stress.  Only  tho.se  components  of  the  incident  wave  which  are  parallel  to  the 
principal  planes  of  the  model  at  the  point  of  incidence  pass  throufrh,  and 
these  components  are  retarded  in  accordance  with  the  dcfiree  of  stress  existing? 
at  the  point  in  (pie-stion.  The  two  li^ht  waves  then  fall  on  the  analyzer,  which 
is  physically  the  same  as  the  polarizer  except  that  its  axis  has  been  rotated  90 
degrees.  This  would  produce  a  dark  field  if  no  model  were  present.  The 
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Fig.  2. — Schematic  sketch  of  tlie  operation  of  a  pliotoelastie  polariseope. 

components  of  the  incident  light  waves  which  are  parallel  to  the  polarizing 
axis  of  the  analyzer  are  then  passed  through,  and  since  they  lie  in  the  same 
plane,  interference  phenomena  can  occur.  When  the  retardation  is  such  that  the 
jiaths  oppo.se  each  other,  a  dark  sjiot  will  aiijiear,  and  when  in-between  con¬ 
ditions  occur,  some  light  will  get  through.  Ad.iacent  dark  and  light  spots  will 
then  form  alternate  dark  and  light  lines  or  fringes  which  are  directly  propor¬ 
tional  to  the  principal  stress  difference  existing  in  the  model.  The  specific  rela¬ 
tionship  of  stress  and  retardation  is  given  as: 

p  -  q  ==  aK. 

Where  a  is  a  constant  depending  on  the  material  from  which  the  model  was 
made  and  the  thickness  of  the  model,  K  is  the  retardation  experienced  by  the 
light  beam. 

If  a  white  light  source  is  us<‘d,  the  light  wave  is  made  up  of  a  number  of 
waves  having  different  frequencies.  When  one  of  the  component  waves  is 
eradicated  by  interference,  its  complementary  color  remains  and  the  entire 
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effect  is  a  spectrum  of  complementary  colors.  For  example,  when  violet  is  ex¬ 
tinguished,  its  complementary  color  of  yellow  is  visible.  Each  color,  then, 
represents  a  different  decree  of  principal  stress  difference.  In  the  field  of 
l)hotoelasticity,  colored  frinfjes  were  initially  used  for  stress  determination. 
However,  the  dark  and  lif?ht  bands  which  result  from  the  usa"e  of  a  mono¬ 
chromatic  source  are  employed  today,  almost  exclusively,  because  of  their  supe¬ 
rior  (juantitative  accuracy.  This  is  due  mainly  to  the  fadin*?  of  the  colored 
bands  in  the  vicinity  of  hijjh  stress  concentrations,  caused  by  an  overlapping 
of  complementary  coloi-s. 

The  colored  patterns,  however,  do  serve  to  yield  additional  information 
necessary  for  the  complete  analysis  of  stress.  This  information  is  the  direction 
of  the  principal  stres.ses.  Dark  lines  can  be  observed  superimposed  on  the 
colored  .stress  patterns.  These  oeeur  whenever  the  plane  of  the  incident  polar¬ 
ized  light  is  coincident  with  the  principal  planes  of  the  point  in  (piestion  and 
as  a  conse(|uence  the  light  beam  is  not  resolved  and  pa.s.ses  directly  through  the 
model.  The  analyzer,  being  perpendicular,  nullifies  this  light,  and  dark  spots 
ai^pear,  the  locus  of  which  are  dark  lines  known  as  isoclinic  lines.  These  lines, 
then,  in  repre.senting  the  direction  of  the  principal  planes,  are  indicative  of  the 
directions  of  the  principal  stresses.  By  rotating  the  ]>lane  of  the  incident  light 
beam,  all  of  the  isoclinie  lines  can  be  detennined. 

In  order  to  evaluate  the  princii)al  stresses  individually,  additional  informa¬ 
tion  is  re<iuired.  This  individual  evaluation  is  neeessary  to  prediet  failure  in 
accordance  with  accepted  theories.  Although  there  are  several  procedures 
available,  based  on  the  photoelastic  data,  an  experimental  method  exists  whieh 
enables  the  determination  of  the  sum  of  the  principal  stress  (p  +  (|).  The 
merit  of  this  auxiliary  method  is  that  it  is  a  separate  souree  of  princii>al  stress 
information,  independent  of  the  photoelastic  data.  It  is  based  on  the  measure¬ 
ment  of  the  lateral  deformation  of  the  model  under  stress  and  the  relationship 
which  exists  is: 

p  +  q  =  SK. 

Where  K  is  a  eonstant  depending  on  the  ])hysical  constants  of  the  photoelastic 
materials  being  u.sed  and  the  thickness  of  the  Model,  S  is  the  lateral  deforma¬ 
tion  of  the  model  under  stress. 

Having  determined  the  value  of  p  -  (|  by  the  photoelastic  method  and  the 
value  of  p  4  (|  by  the  lateral  deformation  method,  the  individual  value  of  p  and 
<1  can  be  easily  evaluated.  This  information,  together  with  the  direction  of  the 
t)rincipal  stresses  as  determined  by  the  isoclinie  lines,  is  sufficient  for  the  com- 
])lete  analysis  of  the  significant  stresses  developed  in  dental  structures  as  a 
result  of  applied  wclusal  forces. 

AlU'.VRATrS  A.ND  TK.ST  PROCKDI  RK 

The  photoelastic  ))olariscope  which  has  been  designed  and  as.sembled  at 
the  Physical  Research  Laboratory  of  the  rniversity  of  Michigan  School  of 
Dentistry  uses  white  light  or  monochromatic  light  lamps  interchangeably  as  a 
light  source,  an  aperture  approximating  a  poiiit  source  at  the  focal  length  of 
tlie  lens  system,  a  filter  used  with  monochromatic  light  .source,  a  condensing  lens 
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to  produce  parallel  rays  in  the  field  of  the  model,  a  quarter-wave  plate  to  pro¬ 
duce  circular  polarized  light  which  eliminates  the  isoclinic  lines,  a  beam  type 
of  loading  mechanism  wdth  a  water  tank  at  the  end,  by  means  of  which  the 
load  is  adjusted,  catalin  61-893  model  material,  a  second  quarter-wave  plate  to 
resolve  emerging  light  waves,  a  polaroid  analyzer  to  resolve  light  waves  into 
the  same  plane,  a  collecting  lens  to  converge  parallel  field  rays,  and  a  camera 
to  record  patterns. 

A  lateral  extensometer  is  used  for  measuring  lateral  deformation  which 
yields  the  subsequent  (p  +  q)  value.  This  device,  designed  to  incorporate 
the  Tuckerman  Strain  Gage,  was  patterned  after  Peterson  and  Wahl’s®  exten¬ 
someter.  It  can  record  a  dimensional  change  of  less  than  1  micron. 


Fig.  3. — Stress  distribution  in  a  buccolingual  section  of  a  molar  tooth  subjected  to  an 
occlusal  load  for  (A)  a  normal  tooth,  (B)  one  restored  with  an  amalgam  restoration,  and 
(C)  one  restored  with  a  gold  inlay  preparation. 


The  procedure  of  test  is  as  follows  and  refers  specifically  to  the  handling  of 
Catalin  61-893,  a  photoelastically  sensitive  plastic,  which  is  available  in  roughly 
ground  plates :  the  shape  of  the  structure  to  be  analyzed  is  drawn'  on  a  piece 
of  Catalin,  which  is  then  cut  moderately  close  to  this  outline;  the  model  blank 
is  then  ground  to  a  uniform  thickness  on  successively  finer  polishing  papers  and 
finish-polished  on  a  metallographic  polishing  wheel;  the  model  is  then  trimmed 
to  the  final  outline.  Since  the  stress-retardation  relationship  is  dependent  upon 
the  model  thickness,  it  is  imperative  that  this  factor  remain  constant.  For  this 
reason,  the  procedure  given  here  is  followed  since  the  polishing  operation  tends 
to  round  the  edges  of  the  model  and,  therefore,  must  be  done  before  the  final 
outline  is  cut.  A  masking  tape  can  be  used  to  protect  the  polish  of  the  model 
when  the  final  outline  is  cut.  The  model  is  then  placed  in  the  loading  mechanism 
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with  a  supporting  structure  and  load  application  designed  to  approximate,  as 
closely  as  possible,  the  actual  conditions  of  the  structure  being  investigated. 
The  pattern  is  then  observed  and  photographed. 

In  interpreting  the  stress  pattern  it  is  important  to  realize  that  each  dark 
or  light  band  is  a  locus  of  points  representing  constant  shear  stress  or  constant 
principal  stress  differenee.  In  addition,  the  bands  which  appear  will  be  of 
different  orders  such  that  the  first  order  band  will  represent  a  given  value  of 
stress  while  the  second  order  band  will  represent  twice  the  value  of  stress  as 
the  first  order  band,  and  so  on.  There  are  ways  of  determining  what  order 
band  exists  at  a  point  in  question  but  the  simplest  method  is  to  observe  the  pat¬ 
tern  formation  while  loading  and  the  order  of  bands  can  thus  be  easily  deter¬ 
mined. 


Figr.  4. — Stress  distribution  in  a  partiai  denture  wrought  clasp  under  the  action  of  (A) 
masticatory  loads,  (B)  the  force  necessary  for  removal,  and  (C)  the  force  necessary  for  re¬ 
moval  but  using  a  tapered  clasp. 


APPLICATIONS  OF  PHOTOELASTICITY  IN  DENTISTRY 

A  number  of  examples  were  prepared  to  indicate  the  types  of  dental  prob¬ 
lems  for  which  this  method  is  especially  suited.  They  were  arbitrarily  chosen 
and  are  representative  rather  than  inelusive  examples. 

In  Fig.  3  is  shown  a  buccolingual  section  of  a  mandibular  right  permanent 
first  molar  subjected  to  an  occlusal  load.  The  support  for  the  tooth  was  made 
of  aluminum  and  shaped  to  approximate  the  bone  structure.  The  tooth  section 
was  sealed  to  the  aluminum  mold  with  impression  compound.  The  load  was 
applied  through  a  round  pin  to  approximate  the  opposing  cusp.  These  pictures 
show  the  stress  distribution  of  a  normal  tooth  section  (A),  a  section  restored 
with  an  amalgam  type  restoration  (B),  and  a  section  restored  with  an  inlay 
type  restoration  (C).  If  the  bands  are  counted  from  the  tips  of  the  cusps  which 
are  free  from  stress,  we  find  a  concentration  of  4  light  bands  at  the  pulp  horn 
on  the,  left  for  the  normal  tooth  section.  For  the  amalgam  restoration,  the 
concentration  is  about  51/2  whereas  the  inlay  restoration  is  about  7  bands. 
Since  these  bands  are  directly  proportional  to  the  shear  stress,  it  can  be  con- 
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eluded,  that  the  placement  of  the  restoration  has  sifinificantly  increased  the 
stre*  concentration  at  the  point  under  consideration  and  furthermore  that 
this  increase  is  dependent  upon  the  de.sip:n  of  the  cavity  preparation. 

In  Fiff.  4,  a  partial  denture-wrought  clasp  used  on  a  bilateral  type  of 
restoration  is  analyzed.  The  buccal  view  of  the  clasp  is  shown  (A)  with  the 
foi-ce  applied  as  a  result  of  resorption  in  the  saddle  area  and  a  consefiuent  tip¬ 
ping  of  the  restoration  under  vertical  occlusal  loads.  This  force  was  deter¬ 
mined  by  assuming  the  amount  of  deflection  which  would  occur  at  the  end  of 
the  clasp  iinder  the  conditions  jireviously  stated.  The  occlusal  view  of  the 
clas])  (/i)  is  shown  with  the  force  necessary  to  remove  the  restoration.  This 
was  determined  by  the  amount  of  deflection  re<|uired  to  allow  the  clasp  to  e.scape 
the  contour  of  the  abutment  tooth.  The  same  view  is  shown  ((’)  with  the 
exception  of  a  tapering  of  the  terminal  third  of  the  clasp.  This  particular 
case  is  presented  because  of  the  high  incidence  of  clasp  failures  which  occur 
in  i)racticc.  The  preliminary  conclusions  which  can  be  drawn  from  these 
illustrations  are  that  the  stresses  induced  in  the  clasp  are  greater  upon  removal 
than  under  the  action  of  masticatory  loads  and  tapering  the  terminal  third  of 
the  clasj)  slightly  reduces  the  stresses  induced  in  the  clasp  but  in  addition  re¬ 
duces  the  r(‘tention.  It  would  appear  that  a  relatively  large  cross-sectioned 
clas])  which  would  reduce  the  stre.ss  at  the  point  of  attachment  would  prevent 
failure,  and  if  a  taper  were  to  be  emi)loyed,  the  retention  could  be  brought 
to  within  desirable  limits. 


SUMMARY 

It  has  been  indicated  that  the  analysis  of  stresses  in  dental  structures  would 
establish  valuable  criteria  for  the  design  of  cavity  preparations  and  dental  res¬ 
torations.  The  experimental  method  of  photoelasticity  was  described  in  theory 
and  practice,  and  two  examples  were  presented  to  show  the  application  of  this 
method  to  the  analysis  of  stress  in  dental  structures.  This  method  of  analysis 
was  .shown  to  be  })articularly  applicable  to  dental  problems  because  of  the  irreg¬ 
ular  .shapes  of  dental  structures. 
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MKASURKMKNT  OF  THK  ELKCTRIC  CONOrCTIVITV  OF 
DENTAL  CEMENT 

IV.  Extracted  Human  Teeth;  In  Vivo  Te.sts;  Summary 
LLOYD  J.  PHILLIPS,  RALPH  W.  PHILLIPS,  AND  KICHAKD  .T.  SCHNKLL 
Department  of  Dental  Materials,  Indiana  University  School  of  Dentistry,  Indianapolis,  Ind. 

Till]  presence  of  small  galvanic  currents  between  similar  or  dissimilar  metals 
in  the  oral  cavity  has  been  well  established.*'®  It  has  been  suggested  that 
such  currents  are  one  possible  cause  of  oral  lesions,*  that  they  produce  corro¬ 
sion  products  which  penetrate  into  the  dentin  and  produce  discoloration,^’  and 
that  they  may  cause  postoperative  pain.'*  For  these  reasons,  cement  bases  be¬ 
neath  gold  and  amalgam  restorations  have  long  been  advocated  to  provide  an 
insulating  barrier  against  both  thermal  and  electric  shock  to  the  pulp.  Although 
Schriever  and  Diamond*  carefully  determined  the  magnitude  of  these  currents 
and  other  investigators  have  .studied  the  general  problem,  the  actual  insulating 
]>roperties  of  these  materials  and  the  electric  conductivity  of  dental  cements 
have  not  been  determined.  Whether  the  cement  base  aids  in  reducing  the 
galvanic  current  has  been  unknown. 

We  have  investigated  basic  values  for  the  electric  conductivity  of  dental 
cements  and  their  clinical  effectiveness  in  insulating  the  tooth  against  electric 
energy.  Experimental  procedures,  instrumentation,  and  the  mathematical  cal¬ 
culations  for  accurately  measuring  this  conductivity  were  developed.' 

It  was  found  that  zinc  phosphate  cement,  zinc  oxide-Hnigtmol,  and  acrylic 
resin  were  all  effective  insulators  when  the  cement  was  sealed  against  moisture 
(approximately  1,000  megohms  at  the  end  of  800  hours).  However,  when  the 
zinc  i)hosphate  cement  margins  were  exposed  to  distilled  water  or  normal  saline 
solution,  the  resistance  was  greatly  reduced,  dropping  to  a  value  which  might 
indicate  that  its  insulating  ability,  clinically,  is  (luestionable.**  These  findings 
were  corroborated  with  several  types  of  experimental  cells,  including  one  group 
which  simulated  the  cemented  gold  crown.  Resin  cement  and  zinc  oxide-i‘ug(*nol 
continued  to  have  high  insulating  ability  even  when  the  margin  was  exi>osed 
to  moisture.® 

The  investigation  uj)  to  this  jioint  had  clearly  indicated  a  marke»l  differ¬ 
ence  in  the  electric  conductivity  of  zinc  phosphate  cement  when  exp«>sed  to 
moisture,  as  compared  to  when  it  was  maintained  dry.  Likewise,  the  continued 
good  insulating  characteristics  of  both  resin  and  zinc  oxidt'-migenol,  even  under 
wet  conditions,  were  noted.  The  exact  amount  of  moisture  to  which  the  cement 
is  exposed  clinically  is,  of  course,  unknown.  I'ndoubtedly,  some  moisture  is 
present  in  the  dentin  itself,  and  moisture  probably  entei-s  along  the  walls  of 

This  investigation  was  supported  in  part  by  a  grant  from  tlie  Metlieal  Hesearcli  and 
Development  Board,  OfHce  of  the  Surgeon  (Jeneral.  Lh-partment  of .  the  Army.  Uontraet  No. 
DA-49-0T)7-MD-39i.  A  portion  of  this  paper  was  read  to  the  Dental  Materials  (iroup  at  the 
32nd  Annual  Meeting  of  the  International  Asso<'iation  for  Dental  Researoli,  Kreneh  Dick,  Ind., 
March  21,  1954  (J.  D.  Res.  3»:  511,  1954). 

Received  for  publication  July  8,  1954. 
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the  preparation  due  to  marginal  leakage.*”'^*  In  order  to  accentuate  the  effect 
of  moisture,  rather  exaggerated  conditions  had  been  used.  Since  the  answer 
to  the  effectiveness  of  these  materials  in  insulating  the  pulp  against  electric 
energy  depends  upon  the  amount  of  moisture  to  which  they  are  subjected,  it  was 
felt  that  an  additional  series  of  tests,  both  in  vitro  and  in  vivo,  should  be  made. 

IN  VITRO — EXTRACTED  HUMAN  TEETH 

Previously,  all  the  results  had  been  obtained  from  work  on  experimental 
cells  which  did  not  involve  teeth.  These  cells  had  been  designed  for  minimizing 
test  variables  in  order  to  obtain  basic  values.  A  closer  approach  to  the  actual 
clinical  condition  could  be  made  if  extracted  human  teeth  were  used.  Con¬ 
sequently,  a  series  of  experiments  using  dissociated  human  teeth,  noncarious 
molars  stored  in  tap  water,  were  initiated. 

A  circular  occlmsal  cavity  was  prepared  in  each  tooth.  The  cavities  were 
undercut  and  were  approximately  0.25  inch  in  diameter  at  the  pulpal  floor. 
The  apical  two-thirds  of  the  root  had  been  removed  so  that  the  pulp  cavity  and 
cervical  portion  of  the  pulp  canal,  where  present,  were  widely  exposed.  The 
teeth  were  then  mounted  in  a  block  of  hydrocal,  4  or  5  teeth  to  a  block,  with 
the  erowTis  exposed  above  the  stone  as  seen  in  Fig.  1.  A  strip  of  copper  gauze 
was  embedded  in  the  hydrocal  beneath  the  teeth  to  afford  one  electric  connec¬ 
tion,  and  the  other  connection  was  made  to  the  amalgam  restoration.  The  em¬ 
bedded  teeth  were  stored  in  1  per  cent  saline  solution.  The  current  path  was 
thus  through  the  saline  solution-saturated  stone  block  to  the  copper  gauze.  The 
resistance  of  the  stone  (0.005  megohm)  was  accounted  for  in  the  mathematical 
calculations. 


Fig-.  1. — Cells  in  extracted  teeth  showing  both  cavity  preparation  and  amalgam  restoration. 

ISeries  /. — This  series  involved  14  teeth  divided  into  4  groups.  All  pre¬ 
pared  cavities  were  dried  with  alcohol  and  air.  The  first  group  had  no  cement 
on  either  the  walls  or  the  floor  of  the  preparation.  The  second  group  had  zinc 
jihosphate  cement  only  on  the  floor.  The  third  group  had  acrylic  cement  on 
the  walls  and  nothing  on  the  fltxir.  The  last  group  had  acrylic  cement  on  the 
walls  and  zinc  phosphate  on  the  floor;  the  resin  was  used  here  to  insulate  the 
side  walls  from  the  metal  restorations.  The  preparations  were  restored  with 
amalgam.  This  series  would  thus  afford  data  relative  to:  (1)  basic  values  for 
dentin  (2)  the  effect  of  the  zinc  phosphate  base;  and  (3)  the  possibility  of  an 
additional  path  of  conduction  of  electric  energy  through  the  side  walls  of  the 
cavity  preparation. 
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The  supporting  block  was  covered  with  saline  solution  with  the  crowns  of 
the  teeth  ex]>osed  to  air.  The  exposed  portion  of  the  tooth  was  maintained  at 
100  per  cent  humidity  when  readings  were  not  being  taken.  Circuit  B  was 
employed  for  measuring  the  current,  and  the  resistance  of  the  tooth  w'as  cal¬ 
culated.'  All  readings  were  taken  at  room  temperature.  Before  the  data  had 
been  recorded,  the  crowns  were  thoroughly  dried  in  order  to  block  the  current 
jiath  over  the  crown  surface  from  the  metal  filling  to  the  hydrocal. 

The  mean  data  are  plotted  in  Fig.  2.  The  addition  of  the  cement  base  did  not 
effectively  increase  the  resistance  of  the  dentin.  In  all  cases,  the  resistance 
of  the  cementing  material  is  far  below  the  basic  units  which  were  obtained  for 
dry  specimens.'  It  is  comparable  to  the  values  previously  found  for  zinc  phos¬ 
phate  cement  under  wet  conditions.® 

In  the  specimens  where  the  walls  were  lined  with  acrylic  cement  and  the 
zinc  phosphate  cement  base  was  used,  the  initial  values  of  resistance  were  rela¬ 
tively  higher.  However,  the  rapidly  decreasing  resistance  indicates  poor  in¬ 
sulating  ability,  and  eventually,  values  were  approximately  the  same  for  all  4 
conditions.  When  used  with  the  base,  the  acrylic  cement  on  the  walls  seemed 
to  contribute  only  to  the  early  values  of  resistance.  This  would  indicate  that 
the  walls  themselves  eventually  provide  a  path  for  conduction  of  electrical  en¬ 
ergy.  As  time  progressed,  moisture  evidently  neutralized  the  initial  effectiveness 
of  the  acrylic  cement  on  the  walls. 

Series  II. — In  this  experiment  the  teeth  used  in  Series  I  were  again  em¬ 
ployed.  The  amalgam  and  cement  were  removed  from  the  teeth,  exposing  the 
dentin  wall  and  floor.  One  tooth  was  restored  with  amalgam  only  and  thus 
served  as  the  control.  The  other  teeth  were  restored  with  amalgam  using:  (1) 
a  thick  (approximately  1  mm.)  zinc  phosphate  cement  layer  on  both  walls  and 
floor;  and  (2)  a  resin  cement  on  walls  and  floor.  Such  conditions  simulated  the 
clinical  use  of  these  materials  both  as  a  base  and  as  a  luting  material  for  in¬ 
lays.  It  also  ])rovided  data  relative  to  increased  thickness  of  the  cement  layer. 

The  results  can  be  seen  in  Fig.  3,  where  the  mean  resistance  is  plotted 
against  time.  The  teeth  which  had  zinc  phosphate  cement  on  the  walls  and 
floor  had  resistance  values  slightly  higher  than  the  control,  the  average  value 
being  ai)proximately  1  megohm.  This  resistance  was  higher  than  the  values  ob¬ 
tained  from  the  previous  work  with  wet  cells.  Sinee  it  was  thought  that  the 
original  cells  had  an  exaggerated  moisture  condition,  possibly  the  degree  of 
moisture  i)resent  accounts  for  the  diff'erence.  However,  w’hether  or  not  these 
restorations  in  extracted  teeth  simulate  the  in  vivo  eonditions  is  also  not  known. 

The  values  of  resi.stance  for  resin  cement  were  higher.  Initial  measurements 
showed  adecjuate  resistance.  Previous  work  has  indicated  that  resin  cement  is 
a  satisfactory  insulator  both  wet  and  dry,  whenever  the  margins  are  not  short- 
circuited.  In  other  words,  if  the  marginal  seal  is  maintained,  insulation  does 
exist.  In  this  experiment,  resistance  for  resin  cement  was  high  initially  but  it 
decreased  with  time  until  the  value  was  approximately  2.5  megohms.  Appar¬ 
ently,  moisture  did  penetrate  the  margins  and  the  seal  was  partially  broken. 
The  actual  degree  to  which  the  resistance  of  the  cement  was  being  neutralized 
by  the  parallel  leakage  path  is  not  known.  The  crowns  of  the  teeth  had  been 
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dried  thoroughly  to  prevent  any  short-circuiting  effect  at  the  margin.  It  would 
seem,  then,  that  in  this  particular  series  of  tests  both  zinc  phosphate  and  resin 
cement,  when  lining  the  entire  cavity,  did  contribute  somewhat  to  the  insulation 
of  the  metallic  restoration.  The  next  step  would  be  to  determine  whether  the 
in  vivo  conditions  correspond  to  these  in  vitro  conditions,  both  in  respect  to  the 
degree  of  moisture  present  and  the  conductivity  of  live  dentin  as  compared  to 
dead  dentin. 

Series  III. — After  learning  that  lining  the  entire  cavity  did  slightly  in¬ 
crease  the  resistance,  further  experiments  using  commercial  cavity  liners,  as 
well  as  some  experimental  ones,  were  conducted.  In  this  series,  the  teeth  used 
previously  were  again  employed  in  order  to  eliminate  differences  in  individual 
teeth.  The  cavity  walls  and  floor  were  coated  with  the  following  agents:  ex¬ 
perimental  liners  of  methyl  methacrylate  and  polystyrene  and  commercial  liners 
Repelac  and  Copalite.  No  cement  bases  were  used,  and  amalgam  was  packed 
directly  against  the  liner. 

Initially  (Table  I)  all  4  materials  had  little  insulating  ability,  polystyrene 
being  the  best.  Copalite,  even  when  applied  in  several  layers,  was  quite  inef¬ 
fective.  At  the  end  of  the  test  period  all  materials  had  resistance  values  which 
were  comparable  to  those  obtained  in  the  control  teeth.  The  use  of  these 
materials  as  liners  in  a  cavity  preparation  does  not  increase  the  insulation  to 
electric  energy. 

Series  IV. — A  group  of  5  cells  was  constructed  in  which  silver  nitrate  was 
reduced  with  eugenol  in  the  cavity  preparation  before  the  restoration  was  in¬ 
serted.  The  results  showed  that  the  precipitation  of  silver  from  silver  nitrate 
upon  the  cavity  walls  had  no  appreciable  effect  upon  the  conduction  of  current 
from  a  metal  filling  through  the  tooth. 

IN  VIVO  TESTS 

The  molar  teeth  of  2  dogs  were  used  in  this  experiment.  The  preparations 
employed  are  shown  in  Fig.  4.  The  size  of  the  preparation  was  approximately 
that  of  a  No.  560  crosscut  fissure  bur.  The  position  of  the  preparation  was  care¬ 
fully  located  to  avoid  a  pulp  exposure.  In  the  first  dog,  a  cell  of  2  amalgam 
plugs  separated  by  a  dentin  wall,  about  1.7  mm.  thick,  was  prepared  in  one  tooth 
(A).  In  another  tooth,  a  cell  of  2  gold  plugs,  separated  by  zinc  phosphate 
cement,  was  formed  {B).  In  a  second  dog,  2  additional  cells  were  constructed. 
In  C,  the  2  amalgam  plugs  were  separated  by  a  2.0  mm.  plug  of  zinc  phosphate 
cement  and  in  D  the  2  amalgam  plugs  were  separated  by  a  1.9  mm.  plug  of 
resin  cement.  A  special  pair  of  probes  were  designed  to  be  used  for  taking 
the  readings.  They  provided  adequate  insulation  in  order  to  prevent  any  ap¬ 
preciable  error  due  to  capacitance  effect  from  the  hands.  The  tooth  was  thor¬ 
oughly  dried  and  resistance  measurements  were  made  utilizing  the  B  circuit 
system.^  Measurements  were  made  over  a  period  of  two  and  one-half  months. 

The  magnitude  of  resistance  varied  from  0  to  1.06  megohms,  as  shown  in 
Table  II.  There  was  little  difference  between  the  4  cells,  all  materials  having 
approximately  the  same  low  values  of  resistance.  It  was  interesting  to  note  that 
the  dentin  (Cell  A)  produced  approximately  the  same  resistance  as  the  other 
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Table  II 

Resistance  Measurements  In  Vivo  (Dogs) 


TIME  OP  READING  AFTER  INSERTION 

RESISTANCE  OF  CELLS  IN  MEGOHMS 

1  A  j 

1  B  1 

1  c 

1  1* 

1  hr. 

0.79 

0.0 

0.0 

0.0 

1  wk. 

0.18 

0.34 

0.31 

0.29 

2  wk. 

0.27 

0.29 

0.29 

0.49 

3  wk. 

0.37 

0.32 

0.51 

0.27 

5  wk. 

0.41 

1.06 

0.20 

0.20 

7  wk. 

0.29 

0.87 

0.59 

0.31 

Extracted  and  measured 

0.26 

2.00 

0.55 

0.22 

Stored  in  saline  solution  2  days 

1.66 

7.37 

1.72 

1.30 

Pulp  chamber  opened  to  saline  solution 

0.49 

5.77 

0.66 

0.26 

24  hr.  in  saline  solution 

0.41 

3.16 

0.21 

0.17 

Dried  and  stored  in  air — 20  hr. 

270 

314 

360 

677 

Saline  solution  injected  into  pulp  chamber 

0.13 

10.8 

0.18 

0.08 

Dried  and  stored  in  air  138  hr. 

>1,000 

>1,000 

>1,000 

>1,000 

Saline  solution  injected  into  pulp  chamber 

0.19 

0.07 

1.47 

0.06 

Dentin 

Amolgom 

-  Pulp 

Zinc  Phosphate  Cement 
Gold  Wire  Plug 

-  Pulp 


Fig.  4. — In  vivo  cells  showing  various  types  measuretl. 

materials.  Previous  in  vitro  tests  had  shown  that  resin,  under  both  wet  and 
dry  conditions,  was  a  good  insulator;  however,  in  these  preparations  the  resist¬ 
ance  of  the  resin  was  apparently  short-circuited.  It  is  pos.sible  then  that  the 
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dentin  itself  may  act  as  the  short  cireuit  in  all  the  teeth.  The  average  value  of 
resistance  for  the  dentin  cell  was  0.41  megohms,  the  resin  cell  was  0.31  megohms, 
and  the  zinc  i)ho.sphate  cell,  0.33  megohms.  These  values  are  of  similar  mag¬ 
nitude  and  indicate  that  the  electric  path  could  be  the  same  in  all  three  cases. 
The  in  vivo  tooth  is  apparently  a  better  electric  conductor  than  the  dry  cement¬ 
ing  materials. 

These  teeth  w<'re  extracted  and  stored  in  normal  saline  solution  imme¬ 
diately  and  the  measurements  continued.  The  resistance  at  the  end  of  2  days 
increased.  The  pul])  chamber  was  then  opened  to  the  saline  solution  and  the 
resi.stance  decreased.  The  teeth  were  dried  and  measured  over  a  period  of  20 
hours.  The  resistance  increased  to  values  between  270  and  677  megohms.  Saline 
solution  was  then  injected  into  the  pulp  chamber  and  the  resistance  immediately 
fell.  This  procedure  was  repeated  several  times  and  results  were  repetitious. 
ITider  dry  conditions,  high  resistance  was  obtained,  but  low  values  resulted 
when  saline  solution  was  injected  into  the  pulp  chamber.  The  effect  of  moisture 
was  dramatically  demonstrated  in  this  experiment.  The  short-circuiting  of  these 
materials  when  placed  in  the  tooth  prevents  maximum  insulation. 

DISCUSSION 

There  has  been  no  basic  information  iiublished  on  the  electric  conductivity 
of  dental  cements  and  the  intluence  played  by  such  variables  as  thickness,  eon- 
tact  area,  aging,  and  so  on.  In  a  series  of  papers’’®  from  this  laboratory,  there 
was  presented  the  development  of  the  instrumentation,  circuit  design,  and  cell 
construction  which  has  made  ])ossible  accurate  determination  of  the  electric 
conductivity  and  thus  the  insulating  ability  of  these  materials.  The  (juestion 
arises  concerning  what,  from  a  dental  standpoint,  might  be  termed  “adeipiate 
insulation.”  It  is  difficult  to  estimate  the  actual  value  of  resistance  which  would 
be  effective  in  the  clinical  restoration.  An  arbitrary  magnitude  of  resistance 
which  would  reduce  the  amount  of  current  flow  to  one  twentieth  of  its  original 
value  was  aecepted  by  the  authors  as  being  adequate,  (^onsetpiently,  any  mate¬ 
rial  which  would  iirovide  such  a  resistance  was  designated  as  having  effective 
insulating  ability. 

When  maintained  in  a  dry  eondition,  all  the  materials  tested,  except  cal¬ 
cium  hydroxide,  were  adequate  insulators.  Both  resin  and  zinc  oxidt'-eugenol 
paste  also  effectively  insulated  when  exposed  to  saline  solution.  Calcium  hydrox¬ 
ide  and  zinc  phosphate  cement  were  ])oor  insulators  under  these  wet  conditions. 

In  these  original  cells  it  became  necessary  to  determine  whether  the  loss  in 
insulation  was  due  to  the  current  passing  through  the  wet  material  or  actually 
by-passing  the  cement.  Leakage  at  the  margins  was  an  extremely  important 
problem.  Early  work  showed  that  when  the  marginal  seal  was  maintained,  resin 
cement  and  zinc  oxide-eugenol  paste  were  effective  insulators.  Yet,  even  in 
these  cells,  if  the  marginal  seal  was  broken,  then  conduction  resulted.  Naturally, 
the  practical  significance  of  this  finding  is  whether  an  effective  seal  ean  be  main¬ 
tained  under  clinical  condition.s.  This  seems  unlikely  since  none  of  the  re.stora- 
tive  materials  used  today  forms  a  bond  with  the  dentinal  wall  adecpiate  to  pre¬ 
vent  the  penetration  of  moisture.*"’^* 
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In  order  to  simulate  clinieal  conditions  more  closely  and  verify  the  former 
observations,  the  series  with  extracted  teeth  were  run.  The  previous  results 
were  confirmed.  It  made  little  difference  what  type  of  cavity  liner  or  base  was 
used  because  if  moisture  was  present  the  insulatinjr  ability  was  greatly  lowered. 
.Moisture  apparently  reaches  the  cement  through  both  the  dentinal  wall  and 
the  margin.  In  the  case  of  zinc  phosphate  cement  there  is  an  actual  conduction 
through  the  wet  material,  while  with  resin  cement  the  conducting  path  is  around 
the  margin.  The  work  with  dogs  also  substantiates  the  fact  that  even  though  a 
material  basically  may  he  a  good  electric  insulator,  Imth  wet  and  dry,  clinically 
its  effectiveness  is  greatly  reduced.  It  is  of  little  benefit,  electrically,  to  place  a 
good  insulator  in  the  cavity  preparation  if  it  is  short-circuited  by  the  live  dentin 
and  by  marginal  leakage.  The  possibility  of  eliminating  these  sourees  of  mois¬ 
ture,  with  pre.sent  materials  and  techniejues,  appears  improbable. 

Schriever  and  Diamond'  made  no  mention  of  cement  bases.  The  results  of 
our  work  make  it  apparent  that  little  difference  would  have  been  noted  in  their 
measurement  if  the  resistanee  of  the  cement  base  had  been  considered  in  their 
calculation.  The  work  with  dogs  shows  that  the  cement  does  not  increase  the 
effective  resistance  to  current  flow. 

Postoperative  pain  which  is  associated  with  galvanism  is  a  disturbing  clini¬ 
cal  i>roblem.  Assuming  that  the  pain  is  caused  by  a  certain  minimum  magnitude 
of  current  flow,  the  addition  of  any  cement,  regardless  of  thickness,  area  in¬ 
volved,  composition,  and  so  on,  would  not  reduce  the  magnitude  of  that  current. 
Likewise,  Schriever  and  Diamond  showed  no  correlation  between  the  age  of 
the  restoration  and  the  existing  potentials  or  the  current  that  flowed.  Since 
these  eurrents  do  exist  in  old  as  well  as  new  restorations  and  since  the  eement 
base  is  not  an  effeetive  insulator,  it  is  more  likely  that  the  physiologic  condition 
of  the  tooth  is  the  primary  factor  responsible  for  the  pain  that  results  from 
this  cui-rent  flow.  Once  the  tooth  has  responded  from  the  injury  of  cavity 
prei)aration  and  returned  to  a  more  normal  i>hysiologic  condition,  the  same  mag¬ 
nitude  of  current  flow  may  produce  no  response. 

Apparently  little  can  be  done,  practically,  such  as  increasing  the  thickness 
or  the  area  or  altering  the  type  of  eementing  material  to  improve  the  insulation 
against  electric  energy.  The  metallic  restoration,  for  all  practical  purposes, 
cannot  be  insulated  from  the  tooth  in  the  mouth  except  by  the  application  of 
extraoral  varnishes  which  temporarily  isolate  the  tooth  from  saliva.  From  the 
electric  standpoint,  only  nonconducting  re.storative  materials  would  eliminate 
completely  the  problem  of  pain-producing  currents. 

SUMMARY 

Basic  values  for  the  eleetric  conductivity  of  dental  cementing  materials 
have  been  determined  in  previous  publications.'*®  Data  reported  in  this  paper 
indicate  that  under  in  vivo  eonditions,  moisture,  either  by  penetrating  through 
the  material  or  around  the  margins,  prevents  insulation  of  the  metallic  restora¬ 
tion  from  the  tooth.  Cement  bases,  per  se,  eontribute  little  or  nothing  to  this 
insulation.  It  is  very  important  that  the  results  of  this  work  be  interpreted 
oidy  with  respect  to  electric  conduction. 
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A  SIMPLE  METHOD  OF  INCREASINO  THE  ADHESION  OF  AORYLIO 
FILLING  MATERIALS  TO  ENAMEL  SURFACES 

MICHAEL  G.  BUONO(::OEE,  D.M.l).,  M.S. 

Eastman  Dental  Dispensary,  Rochester,  N.  V. 

ONE  of  the  major  shortcominfri  of  the  acrylies  and  other  filling;  materials 
is  their  lack  of  adhesion  to  tooth  structure.*'*  A  filliiif?  material  capable 
of  forming  strong  Imnds  to  tooth  structures  would  offer  many  advantages  over 
present  ones.  With  such  a  material,  there  would  l)e  no  need  for  retention  and 
resistance  form  in  cavity  preparation,  and  effective  sealing  of  pits,  fissures, 
and  beginning  carious  lesions  could  be  realized. 

In  our  attempts  to  obtain  landing  l>etween  filling  materials  and  tooth 
structure,  several  ix>ssibilities  are  being  explored.  These  include  ( 1 )  the 
development  of  new  resin  materials  which  have  adhesive  proi>erties;  (2)  modifica¬ 
tion  of  present  materials  to  make  them  adhesive;  (3)  the  us«'  of  coatings  as 
adhesive  interface  materials  between  filling  and  tooth;  and  (4)  the  alteration 
of  the  tooth  surface  by  chemical  treatment  to  produce  a  new  surface  to  which 
present  materials  might  adhere. 

This  last  approach  is  the  subject  of  this  paper,  but  since  it  concerns  itself 
only  with  treatment  of  intact  enamel  suid'aces,  it  has  only  limited  application 
to  the  broader  problems  of  restorative  dentistry. 

In  industry,  phosphoric  acid  and  prei)arations  containing  it  have  been 
used  to  treat  metal  surfaces  to  obtain  better  adhesion  of  paint  and  resin  coat¬ 
ings.®  Although  the  increased  adhesion  is  believed  to  be  due  primarily  to  the 
removal  of  surface  and  other  contaminants,  the  conversion  of  the  oxides  or  the 
surface  of  the  metal  itself  to  phosphates  or  the  adsorption  of  phosphate  groups 
on  the  metal  surface  may  contribute  to  the  effect.  Since  the  enamel  surface 
has  probably  reacted  with  various  ions,  saliva,  and  so  on,  to  which  it  has  been 
exposed  for  long  periods  of  time,  and  its  tiny  iiiiperfections  filled  in  by  a 
variety  of  adventitious  materials,  the  composition  of  the  superficial  surface  may 
be  quite  different  than  the  underlying  enamel.®  As  a  result,  any  receptivity  to 
adhesion  which  the  original  tooth  structure  may  have  had  for  acrylic  materials 
may  have  been  lost.  It  was  felt  that  perhaps  an  acid  treatment  of  the  enamel 
surface  might  render  it  more  receptive  to  adhesion  in  the  same  manner  as  it 
does  for  metals. 

EXPEKIMENTAL 

Two  methods  were  used  for  treating  the  enamel  surfaces.  The  first  in¬ 
volved  the  use  of  a  50  per  cent  dilution  of  a  commercial  phosphomolybdate 

This  investigation  was  supported  by  tlie  Medical  Kesearcli  and  Development  lioard.  OlHce 
of  the  Surgeon  General,  Department  of  the  Army,  under  Contract  No.  DA-49-007-MD-330. 
Received  for  publication  July  14,  1934. 
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reafrent  containing  sodium  tungstate  (Folin-AVii)  in  conjunction  with  a  10  per 
cent  oxalic  acid  solution :  the  second,  the  use  of  an  85  per  cent  phosidioric  acid 
solution. 

By  usiiifr  the  ])hos])honiolybdate-oxalic  acid  treatment,  we  hoped  to  lu’oduce 
a  surface  chemically  different  from  that  existing  normally  in  enamel.  It  was 
felt  that  the  ])hosphoric  acid-molylidate  portion  of  the  reagent  would  remove 
the  supeificial  la.vei*s  of  enamel,  and  the  tungstate  group  might  link  uj)  with 
available  organic  material  of  the  enamel.  To  further  chemically  change  the 
enamel  surface,  it  was  treated  with  oxalic  acid  in  the  hope  of  incorporating 
oxalate  groujis  on  it,  either  by  exchange  or  precipitation  reaction. 

The  use  of  ])hos])horic  acid  alone  was  based  on  the  thought  that  perhaps 
a  simj)le  deealcification  resulting  in  removal  of  superficial  structure  was  all 
that  was  neces.sary  to  i>roduce  a  surface  more  receptive  to  adhesion.  If  this 
were  so,  it  would  eliminate  the  j>rocedures  used  in  the  first  method. 

A  qualitative  comparison  of  adhesion  was  obtained  by  periodically  testing 
the  resistance  to  removal  by  thumbnail  pressure  of  acrylic  drops  placed  on 
treated  and  untreated  enamel  and  dentin  surfaces  of  extracted  teeth  that  had 
betm  stored  in  water  prior  to  and  after  affixing  of  the  acrylic  resin.  Po.sitive 
evidence  of  increased  adhesion  was  obtained  on  the  treated  surfaces.  Because 
the  laboratory  results  were  encouraging,  it  was  decided  to  test  the  effect  of 
surface  treatments  intraorally.  Since  previous  experiments  had  shown  that 
acrylic  drops  jfiaced  on  untreated  enamel  surfaces  of  teeth  in  the  mouth 
rapidly  separated  from  them,  it  was  felt  that  the  duration  of  adhesion  pro¬ 
vided  a  good  basis  for  determining  the  effects  of  surface  treatments  on  adhesion. 

The  labial  enamel  surfaces  of  upi)er  and  lower  incisors  and  occasionally 
j)remolars  and  molars  of  volunteer  subjects  were  used.  Paired  experimental 
and  control  teeth  were  pumice-cleaned  and  alcohol-washed  just  before  treatment. 

The  first  method  of  treatment  consisted  of  applying  a  small  drop  of  the 
molybdate  reagent  and  rubbing  it  over  the  enamel  surface  for  80  seconds. 
I'sing  compressed  air,  the  solution  was  then  dried  on  the  enamel  surface  t(V 
a  thin  moist  film.  A  drop  of  the  10  per  cent  oxalic  acid  solution  was  applied 
directly  over  tlie  area  and  rubbed  in  until  a  white  j)recipitate  formed  which 
was  then  air-dried  to  form  a  white,  opacpie  surface.  To  remove  loosely  bound 
precipitate,  this  surface  was  flushed  with  warm  water  while  being  rubbed  with 
a  cotton  pledget.  I'sing  comi)ress<'d  air,  the  surface  was  then  carefully  dried 
again,  just  ])rior  to  ai)plication  of  a  drop  of  an  acrylic  filling  resin,  about 
5  mm.  in  diameter,  mixed  according  to  manufacturer’s  directions.  After 
hardening,  the  drops  were  smoothed  oft'  with  sandpaper  disks  and  the  patients 
were  told  to  carry  on  their  normal  activities.  On  the  control  t(Mith,  drops  of 
water  were  used  in  jilace  of  the  acids.  Table  1  shows  the  results  obtained. 


Table  1 

.\jjHEsio\  or  AN  Ackyj.ic  Fii.ijnu  Material  to  Tkeateii  anb  Untreated  Labial  Enamel 

Hl’reaces  Intraorally 


rnosenoMoj.VBi>u.-oxAi,i«:  acid  treatment 

1  UNTREA'I 

I'ED  1  TREATED 

Nuiul>er  of  ii>urfa<teB 

15 

15 

Average  duration  of  a<lhesiou  in  hours 

ti 
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The  second  method  of  surface  treatment  employed  85  per  cent  phospiiorie 
acid  to  determine  the  effect  of  a  simple  acid  decalcification  on  adhesion.  The 
method  used  was  the  same  as  previously,  except  that  the  drop  of  acid  was 
washed  off  with  water  after  the  30  seconds’  contact  with  the  surface.  The 
results  are  shown  in  Table  II. 


Table  II 

.\l>HE.S10X  OF  AX  ACIJYI.IC  FILLIXG  MATERIAL  TO  TREATED  AND  UNTREATED  LABIAL  EnAMEL 

Sl’RFACES  INTKAORAI.I.Y 


PHOSPHORIC  ACID  TREATMENT  |  CNTREATED  |  TRE.4TED 

Nuni})pr  of  surfaces  lo 

Average  duration  of  adhesion  in  hours  11  1,070 


RESULTS 

Table  I  compares  the  averajre  numlHU*  of  hours  that  the  drops  of  the 
acrA’lic  fillin"  material  remained  on  the  enamel  surfaces  of  treated  and  untreated 
teeth.  All  the  acrylics  on  the  control  teeth  fell  off  by  themselves.  Only  one 
control  remained  on  the  enamel  for  24  hours;  all  others  fell  off  within  12 
hours.  All  the  acrylic  drops  on  the  treated  teeth  adhereil  for  more  than  24 
hours.  Only  3  drops  fell  off  by  themselves.  The  others  (12)  had  to  be  removed 
mechanically.  At  the  re(|uest  of  the  patients,  G  of  the  acrylic  droiis  were 
removed  within  1  week  of  application.  If  removal  had  not  lieen  re<iueste«l,  the 
results  would  have  been  additionally  in  favor  of  the  treated  surfaces.  After 
mechanical  removal  of  the  drops,  the  underlyin«:  enamel  appeared  as  a  sharply 
defined  area  of  clean  enamel  which  apjieared  white  and  opaipie  by  contrast 
with  the  surroundiiifr  enamel.  In  a  few  days,  however,  the  treated  area  of  the 
whole  enamel  surface  apjieared  normal  a^ain,  except  for  a  faint  loss  of  luster 
over  the  area  of  treatment. 

The  results  of  the  phosphoric  acid  treatment  (Table  II)  show  that,  whereas 
the  controls  adhered  for  an  averaj?e  of  11.2  hours  Indore  fallinj;  off,  the  droi)s 
OH  treated  teeth  remained  on  the  enamel  surface  for  an  average  of  1,070  hoiu*s. 
Of  the  treated  teeth,  50  per  cent  (5)  of  the  drojis  were  removed  mechanically. 
This  removal  requii'ed  considerable  force  with  a  sharj)  instrument,  and  in 
about  one-half  of  the  instances  it  resulted  in  fracture  of  the  resin  rather  than 
clean  sejiaration  from  the  surface.  The  remaining  50  per  cent  (5)  are  still 
on  the  teeth  at  this  writing,  90  days  after  application,  in  spite  of  repeated 
attempts  to  remove  them  by  strong  thumbnail  force.  After  removal  of  the 
acrylic,  the  enamel  surface  ap})earcd  opaque  and  white  as  desi-ribed  lueviously, 
but  the  appearance  returned  to  normal  in  a  few  days.  No  staining  was  evident 
in  the  treated  area. 

DISCUSSION 

The  increased  adhesion  obtained  intraorally  on  treated  enamel  surfaces 
may  be  due  to  several  factors,  such  as:  (a)  a  tremendous  increase  in  surface 
area  due  to  the  acid  etching  action;  (b)  the  exposing  of  the  organic  framework 
of  enamel  which  serves  as  a  network,  in  and  almut  w'hich  the  acrylic  can 
adhere;  (c)  the  formation  of  a  new  .surface  due  to  precipitation  of  new  sub- 
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stance,  for  instance,  calcium  oxalate,  organic  tungstate  complex,  and  so  on, 
to  which  the  acrylic  might  adhere;  (d)  the  removal  of  old,  fully  reacted,  and 
inert  enamel  surface,  exposing  a  fresh,  reactive  surface  more  favorable  for 
adhesion;  and  (e)  the  presence  on  the  enamel  surface  of  an  adsorbed  layer  of 
highly  polar  phosphate  groups,  derived  from  the  acid  used. 

Regardless  of  the  mechanisms  involved,  however,  we  do  know  that  we 
can  increase  adhesion  remarkably  by  acid  treatments.  It  is  felt  that  such 
treatments  are  clinically  safe.  This  is  supported  by  the  absence  of  any  lasting 
noticeable  effects  on  the  enamel  and  by  the  knowledge  that  similar  concentra¬ 
tions  of  phosphoric  acid  are  used  in  phosphate  cements.  The  adhesion  produced 
by  the  phosphoric  acid  treatments  seems  to  be  stronger  and  more  lasting  than 
that  produced  by  the  phosphomolybdate-oxalic  acid  treatment.  This  difference 
might  be  explained  by  assuming  that  the  oxalic  acid  produces  a  precipitate 
which  is  not  strongly  attached  to  the  enamel  surface. 

The  fact  that  we  are  using  acids  for  our  surface  treatments  lends  heavy 
support  to  the  idea  that  the  adhesion  is  due  to  a  great  increase  in  surface 
area  and  that  the  effect  may  be  purely  a  physical  phenomenon,  with  other 
acids  capable  of  producing  the  same  result.  In  addition,  the  use  of  acids  may 
increase  the  wettability  of  the  surface,  allowing  for  more  intimate  contact 
between  acrylic  resin  and  enamel,  thus  favoring  adhesion.  Another  possibility 
is  that  the  use  of  acidic  phosphate  containing  treatment  material  may,  in 
addition  to  increasing  surface  area  and  wettability,  allow  for  the  adsorption 
of  highly  polar  phosphate  groups  on  the  enamel  surface  with  the  result  that 
strong  polar  bonding  to  the  acrylic  may  also  result.  This  type  of  bonding 
would  be  much  more  desirable  than  one  based  solely  on  mechanical  retention 
inasmuch  as  it  may  be  considered  as  a  form  of  chemical  union. 

At  this  time  we  feel  that  because  evidence  of  this  nature  has  not  been 
previously  reported,  the  reasons  for  the  increased  adhesion  are  less  important 
than  the  finding  that  the  adhesive  bond  attained  on  treated,  as  compared  to 
untreated,  surfaces  survived  oral  conditions  for  relatively  long  periods  of  time. 
Further  experiments  are  indicated  to  test  the  resistance  of  this  bond  to  acid 
and  bacterial  action.  For  the  duration  of  the  experiment,  the  resistance  of 
the  bond  to  the  humidity  of  the  mouth  seems  to  be  excellent.  More  work  is, 
how'ever,  indicated  to  evaluate  moisture  resistance  over  periods  of  time  com¬ 
parable  to  the  service  life  of  a  restoration.^/Nevertheless,  even  at  this  present 
stage  it  is  believed  that  these  findings  open  a  new  approach  to  the  problem  of 
obtaining  adhesion  of  acrylic  materials  to  teeth,  thereby  increasing  the  use¬ 
fulness  of  these  materials.  For  instance,  we  foresee  that  the  formation  of  good 
bonds,  of  the  sort  we  have  demonstrated,  to  enamel  surfaces  open  the  possibility 
of  successfully  sealing  pits  and  fissures  for  purposes  of  caries  prevention.  In 
addition,  good  bonding  at  the  enamel  cavity  margins  would  protect  against 
secondary  or  marginal  decay.  This  would  be  particularly  useful  in  those 
areas,  such  as  in  Class  3  and  5  restorations,  where  oral  forces  tending  to  break 
the  bond  are  minimal. 
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SUMMARY 

A  simple  method  of  increasing  the  adhesion  of  acrylic  filling  materials  to 
enamel  surfaces  is  presented.  A  phosphoric  acid  and  a  phosphomolybdate- 
oxalic  acid  treatment  have  been  employed  to  alter  enamel  surfaces  chemically. 
The  phosphoric  acid  treatment  seems  to  give  better  results  and  is  simpler  to  use. 
The  use  of  this  type  of  treatment  for  sealing  acrylics  in  pits  and  fissures  as  a 
method  of  caries  prevention  is  suggested. 

I  wash  to  acknowledge  the  active  interest  and  cooperation  of  Drs.  Finn  Brudevold  and 
William  R.  Wileman. 
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EFFECTS  OF  FILLING  MATERIALS  ON  THE  PULP  OF  THE  RAT 

INCISOR 

MARIA  SILBERKWEIT,  D.M.D.,  D.D.S.,  M.S.,  MAURY  MASSLER,  D.D.S.,  M.S., 
ISAAC  SCHOUR,  D.D.S.,  Pn.D.,  AND  JOSEPH  P.  WEINMANN,  M.D. 

University  of  Illinois,  College  of  Dentistry,  808  South  Wood  Street,  Chicago,  III, 

INTRODUCTION 

This  investip:ation  was  designed  to  study  the  effects  of  a  variety  of  commonly 
used  filling  materials  upon  the  growing  dentin  and  the  pulp  of  the  incisor 
of  the  albino  rat. 

One  of  the  important  requirements  of  a  dental  filling  material  is  that  it 
does  not  harm  the  pulp.  Investigators  and  clinicians  have,  therefore,  stressed 
the  need  for  a  rapid  and  simple  method  of  testing  the  effects  of  filling  materials 
on  the  living  pulp  before  these  are  used  in  human  teeth.  While  histologic 
analy.sis  of  the  effects  of  filling  materials  on  the  pulp  in  human  teeth  is  essential 
to  accuracy  and  objectivity,  patients  are  reluctant  to  sacrifice  teeth  for  experi¬ 
mental  purposes.  On  the  other  hand,  animal  experiments  permit  the  accumula¬ 
tion  of  relatively  large  numbers  of  specimens  within  a  relatively  short  time, 
^lost  important,  the  conditions  of  testing  can  be  more  accurately  controlled. 
The  experiments  can  then  be  replicated  until  the  variables  are  determined  and 
the  effects  of  each  material  on  the  pulp  can  be  assessed  in  an  objective  and 
quantitative  manner. 

Until  very  recently,  the  dog  was  the  experimental  animal  of  choice,  with 
occasional  studies  in  monkey  and  man.  In  1952,  one  of  us  (I.  S.)  suggested 
the  u.se  of  the  rat  incisor  and  molar  for  the  analysis  of  the  effects  of  filling 
materials  on  the  young  and  adult  juilp.  One  of  the  objectives  of  this  study  was 
to  establish  the  validity  of  using  the  rat  incisor  for  the  bio-assay  of  new  filling 
materials  introduced  to  operative  dentistry. 

METHODS  AND  MATERIALS 

This  study  is  based  on  the  histologic  investigation  of  the  incisors  of  74 
male  albino  rats  50  to  56  days  of  age,  weighing  from  150  to  175  grams.  Four¬ 
teen  animals  were  sacrificed  2  days  and  60  were  sacrificed  7  or  8  days  following 
cavity  preparation  and  insertion  of  the  filling. 

The  rats  were  anesthetized  prior  to  operation  by  an  intraperitoneal  injec¬ 
tion  of  0.5  c.c.  of  a  1  per  cent  Nembutal  solution.  A  cavity  was  then  prepared 
with  the  aid  of  a  binocular  dissecting  microscope  at  a  magnification  of  x9,  on 
the  lateral  aspect  of  the  left  mandibular  incisor  inferior  to  the  mental  foramen 
in  each  animal  and  a  filling  was  inserted  (Fig.  1),  A  cavity  approximately 
2  mm.  in  diameter  and  0.75  mm.  in  depth  was  first  prepared  in  the  bone 

This  paper  is  part  of  a  thesis  submitted  as  partial  fulfillment  of  the  requirements  for 
the  degree  of  Master  of  Science  in  Pedodontics  by  Dr.  Silberkweit.  Present  address :  Howard 
University,  Washington,  D.  C. 
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at  the  exposed  site  using  a  No.  70:3  fissure  l)ur  held  in  a  firmly  fixed 
dental  handpiece.  The  cavity  in  the  dentin  was  then  prepared  using  a  No. 
33 inverted  cone  bur  in  the  fixed  handpiece  (Fig.  2).  The  method  of  cavity 
preparation  was  similar  to  the  one  described  by  Mohammed  (1952),  and  Schour 
and  ^lohammed  (1953).  The  right  mandibular  incisor  was  used  as  the 
unoperated  control. 


Fip.  1. — Disseotea  and  macerated  mandible  showinp  cavity  preparations  in  the  bone 
and  dentin  of  a  rat’s  incisor.  Mand.,  Mandible ;  Ment.  For.,  mental  foramen. 

Fig.  2. — Dentin  cavity  filled.  A  layer  of  wax  will  be  applied  over  the  filling  and  the 
bone  cavity  will  be  filled  with  Aquarlont. 

Fig.  3. — Photomicrograph  of  a  cross  section  of  the  incisor  of  a  rat  subjected  to  sham 
operation  (7  days’  survival).  A  cavity  was  cut  into  the  bone  (H)  overlying  the  tooth  but  the 
tooth  was  not  touched.  Note  the  cavity  in  the  bone  overlying  the  tooth  which  is  filled  with 
connective  tissue  (C.T.)  and  the  acute  calcio-traumatic  reaction  (C)  to  the  operation.  P,  pulp; 
P.D.M.,  periodontal  membrane;  E,  enamel  space  (X40;  reduced  '^). 


Filling  Procedure. — When  the  cavity  was  completed,  it  was  washed  with 
distilled  water,  dried  with  air,  and  filled  with  the  selected  filling  material 
(Fig.  2).  Each  material  was  manipulated  according  to  the  manufacturer’s 
specifications. 
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Fig.  4. — Photomicrograph  of  a  cross  section  of  a  rat’s  incisor  with  a  moderately  deep  cavity  preparall 
left  unfilled  for  7  days.  Note  the  ingrowth  of  vital  connective  tissue  (Conn.  Tissue)  Into  the  cavity.  1 
calcio-traumatic  band  (C)  Is  only  slightly  prominent  (1).  The  stratification  of  the  postoperative  dentin  (Jh) 
within  normal  limits.  Odontoblasts  (O)  normal  (X120;  reduced  ^). 

Fig.  5. — Photomicrograph  of  a  cross  section  of  a  rat’s  incisor  with  a  deep  cavity  preparation  filled  w1 
zinc  oxide-eugenol  cement  (Zn.  Oxide-Eugenol)  and  sacrificed  7  days  later.  Note  the  prominent  (2)  calc 
traumatic  band  (C)  under  the  cavity  and  Its  lesser  prominence  (1)  In  the  rest  of  the  dentin.  T 
postoperative  dentin  (Dz)  shows  a  normal  degree  of  calcification  and  prominence  of  the  incremental  pattf 
(X120;  reduced  ^). 

Fig.  6. — Photomicrograph  of  a  cross  section  through  a  rat’s  Incisor  with  a  shallow  cavity  filled  with  sib 
amalgam  (7  days’  survival).  Note  staining  of  the  dentin  under  the  floor  of  cavity  by  the  amalgam.  The  c 
clo-traumatic  band  (C)  formed  at  the  time  of  operation  is  mildly  accentuated  (1)  both  locally  and  general 
The  postoperative  dentin  (Dz)  is  normal  In  quality  and  quantity.  Note  the  disturbance  In  the  odontoblastic  la] 
(O)  under  the  cavity.  The  engorged  vessels  in  the  pulp  are  characteristic,  but  may  be  an  artifact  caused 
shrinkage  (X120:  reduced  %). 

Fig.  7. — Photomicrograph  of  a  cross  section  through  a  rat’s  incisor  with  a  moderately  deep  cavity  Hi 
with  a  self-curing  acrylic  (Kadon)  (8  days’  survival).  Note  the  strongly  accentuated  (2)  calclo-traumatlc  ba 
(C)  under  the  cavity  preparation  and  the  severe  disturbance  In  the  postoperative  dentin  (Dt),  which  Is  poo 
calcified,  almost  completely  atubular  and  amorphous  In  structure  (6).  Note  the  calcio-traumatic  band  a 
disturbed  calcification  In  the  postoperative  dentin  opposite  the  cavity  preparation.  In  spite  of  the  sev 
changes  In  the  structure  and  calcification  of  the  postoperative  dentin  under  the  cavity,  the  disturbance  In  I 
morphology  and  arrangement  of  the  odontoblasts  (O)  Is  relatively  slight  (1)  (X120;  reduced  %). 
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Fig.  8. — Photomicrograph  of  a  cross  section  through  a  rat’s  incisor  with  a  medium  cavity  filled  with  zinc 
oxyphosphate  cement  (7  days’  survival).  Note  the  severe  damage  (3)  to  the  odontoblasts  under  the  cavity, 
and  the  dentin  hypoplasia  (3-).  The  dentin  which  is  formed  is  atubular  and  amorphous  (6).  The  effects  of 
the  filling  material  are  not  confined  to  the  cavity  area  alone.  Note  the  strongly  accentuated  (2)  calclo-trau- 
iMtic  reaction  and  disturbed  calcification  (4)  of  the  postoperative  dentin  (Di)  formed  on  the  side  opposite 
the  cavity.  The  amount  of  dentin  formed  on  the  side  opposite  the  cavity  is  slightly  Increased  (N+)  (xl20; 
reduced  >/j). 

Fig.  9. — Photomicrograph  of  a  cross  section  through  a  rat’s  incisor  with  a  deep  cavity  filled  with  silicate 
(8  days’  survival).  Note  the  severe  destruction  (3)  of  the  odontoblasts  under  the  cavity  preparation,  the  den- 
tn  aplasia  (4-),  and  the  walled-off  abscess  (A)  in  the  pulp.  Note  also  the  severe  disturbance  in  dentin  forma¬ 
tion  and  structure  (6)  on  the  side  opposite  the  cavity  (XI 20;  reduced  r,i). 

Fig.  10. — Photomicrograph  of  a  cross  section  through  a  rat’s  incisor  with  a  moderately  deep  cavity  filled 
with  copper  cement  (7  days’  survival).  Note  the  complete  destruction  of  odontoblasts  under  the  cavity  and 
complete  cessation  of  postoperative  dentin  formation  (aplasia)  (X120:  reduced  M). 

Pig.  11. — Photomicrograph  of  a  cross  section  through  a  rat’s  incisor  with  a  medium  cavity  which  was 
lined  with  a  calcium  hydroxide  base  (Chembar)  prior  to  insertion  of  copper  cement  (7  days’  survival).  Com¬ 
pare  with  Fig.  10.  Note  the  lesser  damage  to  the  odontoblasts  (O)  and  the  normal  amount  of  postoperative 
dentin  formation  (Di)  under  the  cavity  (X120;  reduced  ^). 
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After  the  tilliii*!  was  set,  it  was  covered  with  a  layer  of  wax  approximately 
equal  1(»  the  thickness  of  the  periodontal  membrane.  The  cavity  in  the  bone 
was  then  filled  in  with  a  thick  mixture  of  Aqnadont.  The  interposition  of 
a  layer  of  wax  lietween  the  dentin  filling  and  the  Inme  filling  was  necessary  in 
order  to  ])revent  ankylosis  of  the  tooth  to  the  bone  and  permit  the  eruption  of 
the  incisor.  It  further  served  to  seal  the  dentin  filling  against  displacement  and 
ingress  of  tissue  fluids. 

The  entire  operation  occupied  approximately  40  minutes. 

Filling  Materials  Used. — The  filling  materials  used  were:  (1)  zinc  oxide 
andeugenol;  (2)  silver  amalgam  and  mercury;  (3)  self-curing  acrylic  (Kadon)  ; 
(4)  silicate;  (5)  zinc  oxy phosphate  cement;  (6)  black  copper  oxy phosphate 
cement;  (7)  cavity  varnish;  (8)  calcium  hydroxide  liner  (Chembar)  ;  and 
(9)  Aquadont  for  filling  the  cavity  in  the  bone.  Aquadont  consists  of 
zinc  oxide  two  parts,  zinc  sulfate  one  part,  and  com  starch  one  part,  and  sets 
rapidly  when  mixed  with  water. 

Each  filling  material  was  tested  in  groups  of  5  to  14  animals  each  (Table 
I).  In  9  animals  the  cavities  were  left  unfilled  and  in  2  animals  a  sham 
oi)eration  was  performed,  cutting  through  the  bone  only  and  leaving  the  dentin 
untouched  (Fig.  3). 

Duration  Of  Experiments. — The  animals  were  sacrificed  after  2  and  7 
or  8  days  by  ether  and  decapitation.  The  maximal  survival  period  was  limited 
to  8  days  since  the  rat  incisor  is  a  continuously  growing  and  continuously 
erupting  tooth.  After  8  days,  the  operated  portion  of  the  dentin  and  the 
subjacent  area  of  the  pulp  reach  the  anterior  portion  of  the  tooth  where  the 
pulp  begins  to  show  aging  changes  and  to  degenerate  so  that  the  experimental 
effects  become  obscured. 

Histologic  Preparation. — After  the  animals  were  sacrificed,  the  mandibles 
containing  the  lower  incisors  were  dissected  and  fixed  in  10  per  cent  neutral 
Formalin,  decalcified  in  5  per  cent  nitric  acid  for  72  hours,  and  histologic 
sections  cut  on  a  freezing  microtome  at  25  microns,  using  carbon  dioxide  gas. 
All  sections  were  stained  routinely  with  hematoxylin  and  eosin. 

METHODS  OF  ANALYSIS 

The  effects  of  the  filling  materials  upon  the  dental  pulp  were  assessed  by 
analyzing  the  character  and  amount  of  dentin  produced  by  the  odontoblasts 
after  the  filling  was  inserted.  The  character  and  amount  of  dentin  are  a  very 
delicate  indicator  of  the  physiology  of  the  odontoblasts,  often  revealing  alter¬ 
ations  in  cell  function  long  before  cytologic  changes  can  be  discerned. 

The  Calcio-traumatic  Reaction. — The  immediate  effect  of  the  operative 
procedure  and  filling  was  the  formation  of  a  distinct  calcio-traumatic  band  which 
reflects  a  disturbance  in  the  calcification  of  the  predentin  formed  at  the  time 
of  operation  (C,  Figs.  3  to  11).  It  consists  of  a  very  thin,  barely  discernible 
hypercalcified  (deep  blue)  line  followed  by  a  wider  hypocaleified  stripe  (light 
pink)  and  a  hypercalcified  (light  blue)  stripe. 

The  calcio-traumatic  band  could  easily  he  located  by  counting  the  number 
of  daily  incremental  lines  formed  postoperatively.  However,  in  almost  every 
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instance  the  acute  calcio-traumatic  effect  was  shari)ly  prominent  ami  stood 
out  clearly  between  the  pre-experimental  and  postoperative  ari'as  of  dentin 
formation  ( Figs.  4  to  11). 

Postoperative  dentin  calcification  and  formation  varied  from  complete 
recovery  (normal  postoperative  dentin  formation  and  calcification),  to  various 
degrees  of  disturbance  in  calcification  (accentuated  stratification;  interglobular 
dentin),  to  changes  in  the  structure  of  the  dentin  (loss  of  tubular  stmcture), 
to  interferences  in  the  amount  of  dentin  deposited  (dentin  hypoplasia  or  aplasia). 

The  amount  of  postoperative  dentin  was  measured  from  the  acute  calcio- 
traumatic  band  formed  at  the  time  of  operation  to  the  pulpal  surface.  The 
amount  deposited  under  the  area  of  the  cavity  preparation  was  compared  with 
the  amount  formed  on  the  side  opposite  the  cavity  preparation  and  in  the 
unoperated  right  incisor. 

The  average  daily  rate  of  dentin  deposition  at  the  level  of  the  cavity 
preparation  in  this  group  of  e.xperimental  animals  was  12.12  microns  with  a 
standard  deviation  of  1.72  microns.  These  measurements  indicated  that  the 
“normal”  amount  of  dentin  formed  after  7  days  would  be  from  73  to  97  microns 
(85  ±  12).  An  increase  or  dwrease  was  considere<l  to  l)e  significant  only  when 
it  was  greater  than  2.5  standard  deviations  (±  30  microns)  (labeled  2^  or  2- 
in  the  tables).  A  difference  between  the  amount  of  dentin  formed  under  the 
cavity  preparation  and  the  amount  on  the  opposite  side  which  was  less  than 
1.5  standard  deviations  (18  microns)  was  considered  not  significant.  Differences 
between  these  (19  to  29  microns)  were  considered  as  of  borderline  significance 
and  labeled  as  N-  or  N-. 

Controls. — The  dentin  immediately  under  the  cavity  preparatitm  was  com¬ 
pared  with  the  unoperated  dentin  in  the  same  tooth  on  the  surface  immediately 
opposite  to  the  operated  dentin.  In  addition,  the  unoperated  lower  incisor 
on  the  right  side  was  sectioned  at  the  equivalent  level  near  the  mental  foramen 
and  studied.  This  unoperated  tooth  served  as  a  negative  control. 

CRITERIA  USED  FOR  ANALYSIS 

The  following  criteria  wei-e  used  to  analyze  the  effects  of  the  filling  materials 
on  the  function  of  the  odontoblasts: 

Acute  Calcio-traumatic  Band. — 

0 — None  present,  indicating  no  reaction  to  operative  proc-edure. 

1 —  Mild  reaction.  Slight  accentuation  of  the  incremental  line  formed  at 
the  time  of  ojieration.  llypercaleified  strijie  prominent,  hyiMwalcified  stripe 
faint. 

2 —  Moderate  reaction.  Prominent  calcio-traumatic  band.  The  hypoealci- 
fied  stripe  wider  and  more  prominent  than  the  hyperealeified  stripe. 

Chanf/es  in  the  Postoperative  Dentin. — 

( A )  (Calcification : 

N — Calcification  and  structure  of  dentin  normal. 

1 — Slight  disturbance  in  calcification  characterized  by  a  slight  accentuation 
in  the  incremental  pattern.  Within  “normal”  limits. 
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2 —  Definite  disturlianee  in  ealeifieation.  The  incremental  pattern  very 
prominent,  beyond  normal  limits. 

3 —  Moderate  disturbance  in  calcification.  The  calcification  of  the  matrix 
behind  the  incremental  lines  not  homogreneous  but  granular. 

4 —  Severe  disturbance  in  calcification.  Intergrlobular  calcification  of  dentin 
with  or  without  accentuation  of  incremental  lines. 

(B)  Structure: 

5 —  Decreased  number  of  tubules  in  dentin. 

6 —  Atubular  dentin.  Stains  a  pale  blue  with  hematoxylin-cosin.  Occasional 
cellular  inclusions. 

Amount  of  Postoperative  Dentin  Formation. — 

N — Normal. 

N+ — Increased  slightly.  Not  statistically  significant. 

N - Decreased  slightly.  Not  statistically  significant. 

2+ — Definitely  increased.  Statistically  significant  (more  than  2.5  S.D.). 

2  - Definitely  decreased  in  amount.  Statistically  significant. 

3  - Dentin  hypoplasia.  Localized  death  of  cells  with  interrupted  and  ir¬ 

regular  formation  of  dentin. 

4  - Dentin  aplasia.  Complete  or  almost  complete  inhibition  of  dentin 

deposition  under  area  of  cavity  preparation. 

Changes  in  Odontoblastic  Morphology. — 

N — Normal  in  morphology,  number,  and  arrangement  in  pulp. 

1 —  Odontoblastic  layer  in  pulp  slightly  disarranged. 

2 —  Severe  disarrangement  of  odontoblastic  layer  in  pulp. 

3 —  Degeneration  and  loss  of  odontoblasts. 

FINDINGS 

The  findings  of  this  study  are  summarized  in  Table  I. 

Effects  Of  Operation  per  .se. — Two  animals  were  subjected  to  sham  operation 
to  determine  the  effects  of  the  operation  per  se.  Cavities  were  prepared  in  the 
bone  only,  without  injury  to  the  dentin. 

A  calcio-traumatic  band  w'as  found  to  be  present  at  the  level  of  the  dentin, 
forming  and  calcifying  at  the  time  of  the  operation  (Fig.  3).  It  was  only 
slightly  accentuated.  The  incremental  lines  in  the  postoperative  dentin  were 
slightly  more  prominent  than  the  lines  in  the  preoperative  dentin.  This  could 
not  be  considered  as  abnormal  since  a  mild  accentuation  of  the  incremental 
lines  in  the  dentin  is  often  found  in  unoperated,  normal  animals.  It  reflects 
the  extremely  delicate  response  of  the  odontoblasts  and  the  calcifying  dentin 
to  relatively  minor  systemic  episodes  in  the  course  of  the  animal’s  metabolism. 
The  dentin  was  otherwise  normal  in  amount  and  in  structure. 

The  calcio-traumatic  reaction  was  probably  the  result  of  the  anesthesia 
and  the  failure  to  eat  following  the  operation. 

Effects  Of  Cavity  Preparation  per  se. — In  order  to  determine  the  effects 
of  the  cavity  preparation  per  se  upon  the  function  of  the  odontoblasts,  cavities 
were  prepared  in  the  incisors  of  14  animals  and  left  unfilled.  Because  of  the 
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anatomic  peculiarity  of  the  incisor  of  the  rat,  the  cavity  preparations  were 
made  through  the  alveolar  bone  and  periodontal  membrane.  The  unfilled  cavities 
were  not  exposed  to  the  action  of  the  saliva  as  is  the  case  in  man  and  in  dogs 
but  became  filled  by  a  blood  clot  into  which  connective  tissue  proliferated  from 
the  periodontal  membrane  (Fig.  4).  Two  cavities  were  covered  with  gold  shields 
to  prevent  this  ingrowth  of  connective  tissue  in  order  to  analyze  the  effects  of 
the  connective  tissue  filling  on  the  function  of  the  odontoblasts. 


Table  I 

Effects  of  Operative  Procedures  and  Filling  Materials  on  the  Pulp  of  the  Inclsor  of 

THE  Albino  R.\t* 


KO. 

OF 

ANI¬ 

MALS 

FILLING 

MATERIAL 

CAVITY 

DEPTH 

CALCIO- 

TRAUM. 

BAND 

POSTOP 
DE> 
CALCIF.  1 
AND 

STRUC- 

TI’RE 

ERATIVE 

ITIN 

AMOUNT 

formed 

1  ODONTOBL. 

REMARKS 

2 

Bone  cavity 

None 

1 

1 

N 

N 

only  (sham 

operation) 

14 

Open  cavity 

Shallow 

1 

N 

N 

N 

Minimal  effect 

filled  with 

Medium 

1 

N 

N 

N 

conn,  tissue 

Deep 

1 

N 

N+ 

N 

2 

Open  cavity 

Shallow 

Effect  more  pronounced 

covered  with 

Medium 

2 

1 

N 

N 

in  the  absence  of  con- 

gold  plate 

Deep 

2 

1 

N+ 

N 

nective  tissue 

8 

Zinc  oxide  and 

Shallow 

0 

N 

N 

N 

Palliative  effect  with 

eugenol 

Medium 

1 

N 

N 

N 

rapid  recovery  of 

Deep 

2 

N 

N 

N 

odontoblasts 

8 

Amalgam 

Shallow 

1 

N 

N 

N 

Penetration  of  metallic 

Medium 

2 

1 

N 

1 

ions  with  localized 

Deep 

2 

5- 

2- 

2 

damage  to  odonto- 

blast 

10 

Self-curing 

Shallow 

2 

3 

N+ 

N 

Acute  effects  severe 

acrylic 

Medium 

2 

4 

N-t- 

1 

and  cumulative  with 

(Kadon) 

Deep 

2 

5 

2+ 

1 

time 

5 

Zinc  oxyphos. 

Shallow 

1 

N 

■  2+ 

1 

Dentin  hypoplasia  in 

cement 

Medium 

2 

<) 

2— 

3 

deep  and  occasionally 

Deep 

Hypoplasia 

3- 

3 

medium  cavities 

14 

Silicate 

Shallow 

2 

4 

3- 

3 

Marked  injury  and 

cement 

Medium 

Hypoplasia 

3- 

3 

death  of  odonto- 

Deep 

Aplasia 

4- 

3 

blasts.  Abscess  in 

pulp 

11 

Black  copper 

Shallow 

Aplasia 

4- 

3 

Odontoblasts  entirely 

cement 

Medium 

Aplasia 

4- 

3 

destroyed  (aplasia) 

Deep 

Aplasia 

4- 

3 

74 

•See  text  for  abbreviations  used  in  this  tabie. 


Effects  in  cavities  filled  with  vital  connective  tissue :  A  faint  calcio-traumatic 
band  was  formed  at  the  time  of  operation.  The  postoperative  dentin  showed 
normal  calcification  (Fig.  4).  Neither  effect  was  significantly  different  from 
those  observed  following  the  sham  operation  when  the  dentin  was  left  untouched 
(Table  I). 

Effects  in  cavities  covered  with  (fold  shields:  These  specimens  showed  a 
more  prominent  accentuation  of  the  calcio-traumatic  band  formed  at  the  time  of 
operation  than  in  the  specimens  filled  with  vital  connective  ti.ssue.  The  calci¬ 
fication  of  the  postoperative  dentin  was  also  somewhat  more  prominently 
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stratified  than  in  the  previous  speeimens.  This  indieated  that  the  blood  clot 
which  filled  the  cavity  preparation,  and  the  connective  tissue  which  ^rew  in 
subsequently,  probably  exerted  a  ])alliative  eflfeet  on  the  odontoblasts  and  pulp. 

There  was  a  tendency  in  deep  cavity  prei>arations  for  more  dentin  to  be 
deposited  under  the  cavity  area  than  on  the  opposite  side,  or  in  the  unoperated 
control  tooth  in  both  series  described  in  Table  I.  However,  while  this  inerea'^e 
was  consistent,  it  was  too  small  (5  to  10  microns)  to  be  statistically  significant. 
Nonetheless,  the  impression  remained  that  the  irritant  effects  of  the  deep 
cavity  preparation  per  se  produced  a  slight  stimulating  effect  upon  the  odonto¬ 
blasts  to  produce  a  slightly  greater  amount  of  dentin  under  the  cavity. 

Effect  of  Depth  of  Cavity  Preparation. — The  depth  of  the  cavity  i>reparation 
and  the  distance  of  the  filling  material  from  the  pulp  greatly  influenced  the 
reaction  of  the  odontoblasts.  It  was  observed  that  the  deeper  the  cavity  prepa¬ 
ration,  the  more  severe  the  damage  to  the  activity  of  the  odontoblasts  and  the 
I)oorer  the  quality  of  the  dentin  formed  by  these  cells.  Cavity  i)reparations 
which  extended  into  the  ])ulpal  third  of  the  dentin  width  usually  resulted  in 
some  damage  to  the  odontoblasts  since,  in  almost  every  instance,  the  calcification 
of  the  dentin  formed  jmstoperatively  showed  some  deficiency.  Cavity  prepa¬ 
rations  which  extended  only  into  the  middle  third  of  the  dentin  width  were 
much  less  injurious  than  those  closer  to  the  pulp,  while  cavities  limited  to  the 
j)eripheral  third  of  the  dentin  showed  the  least  damage  to  the  pulpal  cells 
and  interference  with  dentin  formation  and  calcification. 

For  this  reason,  all  specimens  were  grouped  and  analyzed  according  to 
the  distance  of  the  cavity  ba.se  from  the  oriefinal  pulpal  surface.  The  location 
of  the  original  pulpal  surface  was  determined  to  be  at  the  level  of  the  calcio- 
traumatic  line  invariably  found  at  the  junction  of  the  pre-  and  postexperimental 
dentin.  All  measurements  were  thus  made  from  the  floor  of  the  cavity  to  the 
calcio-traumatic  line  in  a -perpendicular  direction. 

Cavity  i)reparations  which  reached  into,  but  not  beyomf,  the  middle  third 
of  the  dentin  (distance  from  floor  of  cavity  to  the  original  pulpal  surface 
from  55  to  85  microns)  were  considered  to  be  moderate  in  dei)th.  This  was  the 
standard  depth  at  which  the  eft'ects  of  different  filling  materials  were  compared. 
If  the  floor  of  the  cavity  reached  into  the  pul])al  third  of  the  dentin,  it  was 
considered  to  be  deep  (15  to  50  microns  from  the  original  pulpal  surface). 
Preparations  in  the  peripheral  third  of  the  dentin  were  referred  to  as  shallow 
(more  than  90  microns). 

Effects  of  Zinc  Oxide-Enyenol  Cement. — In  moderately  deep  cavities,  the 
reaction  to  zinc  oxide-eugen<»l  cemenl  was  slightly  more  pronounced  than  in  the 
specimens  filled  with  c*)nneclive  tissue,  but  less  |)ronounced  than  iji  the  specimens 
in  which  the  <'avities  weie  covered  with  a  gold  plate  (Table  I).  The  calcio- 
ti'aumatic  band  formed  at  the  lime  of  operation  appeared  mi<lway  in  prominenc<* 
between  the  other  two  groups.  The  postoja'rative  dentin  was  generally  normal, 
but  (M'casional  specimens  showed  a  distinct  prominence  of  the  incremental 
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patU'rii.  Tl>o  st l•aliii<‘atioll  was  slight ly  nion*  promiiioiit  tliaii  lliat  srni  uiulrr 
the  eavities  of  ejpiivalenl  <lepth  tilled  with  eoiiiieetivc  tissue  hut  sijuuiitieautly 
less  than  under  the  eavities  e<»vei‘ed  with  a  ijold  ])late  (Table  I). 

In  shallow  eavities.  the  aeute  ealeio-trauiuatie  and  postoperative  reaetions 
were  indistinfiuishable  from  those  observed  in  speeiinens  with  eavities  filled 
with  connective  tissue.  In  two  specimens  these  reaetions  were  entirely  absent, 
suggesting  a  palliative  influence  by  the  eugenol  on  the  injured  odontoblasts. 
In  the  deeper  cavities,  the  acute  ealeio-traumatic  reaction  was  definitely  more 
pronounced.  However,  the  calcification  of  the  jmst operative  dentin  and  the 
odontoblasts  appeared  to  be  normal  even  in  very  deep  cavities  (30  microns  from 
the  pulp)  (Fig.  5). 

These  findings  indicate  that  zinc  oxide-eugenol  had  a  definite  j)alliative 
effect  upon  the  odontoblasts  and  tended  to  nullify  the  effV'cts  of  the  cavity  prepa¬ 
ration. 

Effects  of  Amalgam. — Silver  amalgam  fillings  produced  a  characteristic 
staining  of  the  underlying  dentin,  as  if  metallic  ions  had  diffused  from  the 
amalgam  into  the  dentinal  tubules  in  a  manner  similar  to  that  described 
in  human  teeth  (Fig.  6).  This  effect  could  be  observed  even  in  specimens  sur¬ 
viving  only  2  days.  This  indicates  a  much  greater  permeability  of  the  dentin 
in  the  rat  incisor  than  in  human  teeth  since,  in  the  latter,  the  permeation  of 
metallic  ions  from  the  amalgam  re<pures  months  of  time. 

The  reaction  of  the  odontoblasts  to  the  amalgam  was  more  i)ronounced 
than  in  any  of  the  previous  specimens  (Table  I  and  Fig.  6).  The  acute  calcio- 
traumatie  reaction  was  prominent  even  in  shallow  cavities.  In  medium  cavities, 
the  calcio-traumatic  reaction  was  very  i)rominent  while  the  7  incremental  lines 
fonned  postoperatively  were  definitely  accentuated  ( h’ig.  (>).  The  effect  of 
the  amalgam  on  the  odontoblasts  was  obviously  more  severe  than  that  observed 
in  empty  eavities  covered  with  a  gold  plate,  and  substantially  more  severe  than 
the  effect  of  the  zinc  oxide-eugenol  c<*mcnt,  even  when  the  latter  was  placed  in 
very  deep  cavities  (Table  I). 

The  odontoblasts  under  medium  cavities  were  ilisarranged  and  atrophied, 
indicating  severe  injury  to  these*  cells.  Most  of  the  specimens  showed  severe 
changes  in  the  pulp  which  were  suggestive  of  hemori-hage.  However,  these 
changes  may  be  artifacts  caused  by  shrinkage  and  must  await  future  clarification. 

In  specimens  with  deep  cavity  preparations,  the  juetallic  ions,  as  evidenced 
by  the  stain,  penetrated  to  the  i)ulp  and  produced  severe  disarrangement  of  the 
odontoblastic  layer.  The  postoperative  dentin  formation  was  markedly  defici(‘nt 
in  amount  (2-)  and  in  quality  (poorly  calcified  and  deficient  in  tubules).  The 
depth  of  i)enetration  of  the  metallic  stain  was  directly  related  to  the  site  and 
degree  of  injury  to  the  odontoblasts. 

It  was  quite  evident  that  amalgam  i)laced  in  deep  cavities  protluced  severe 
injury  to  the  odontobla.sts.  This  injury  was  api)arently  not  due  to  thermal 
shock  since  in  these  si)ecimens  all  fillings  were  covered  by  a  layer  of  wax  plus 
a  thick  layer  of  Aquadont  in  the  l)one  cavity.  Severe  injury  resulted  only 
in  those  areas  where  the  metallic  stain  reached  the  cell  Inxlies  of  the  odontoblasts. 
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Effects  of  Self-curing  Acrylics. — The  reaction  of  the  odontoblasts  to  the 
self-curing  acrylic  (Kadon)  applied  by  the  brush  method  was  more  severe 
than  to  amalgam  (Table  I).  Shallow  cavity  preparations  filled  with  a  self- 
curing  acrylic  resulted  in  the  appearance  of  a  very  prominent  calcio-traumatic 
band  formed  at  the  time  of  operation  followed  by  a  definite  accentuation  of 
the  incremental  pattern  in  the  postoperative  dentin  (Table  I).  In  specimens 
with  moderately  deep  cavities,  the  postoperative  dentin  was  interglobular, 
indicating  a  severe  deficiency  in  calcification.  The  odontoblasts  were  dis¬ 
arranged.  Under  the  deeper  cavity  preparations,  the  dentin  was  atubular  and 
sometimes  entirely  amorphous  (Pig.  7). 

In  shallow  cavities,  the  effects  of  the  acrylic  material  were  confined  to  the 
area  subtended  by  the  preparation.  In , moderately  deep  cavities,  the  effects 
e.xtended  peripherally  to  adjacent  odontoblasts  outside  the  eavity  area,  while 
in  very  deep  cavities,  even  the  cells  opposite  the  eavity  preparation  were  affected 
(Fig.  7).  This  indicated  that  the  efteets  of  this  material  were  not  limited  to 
the  injured  cells  under  the  cavity  preparation  but  that  it  (the  monomer?) 
could  penetrate  into  the  substance  of  the  pulp  to  affect  distant  odontoblasts. 

The  injurious  effects  produced  by  the  self-curing  acrylic  fillings  were  found 
to  be  cumulative  since  the  changes  described  previously  increased  in  severity 
with  time.  The  changes  in  the  postoperative  dentin  were  much  more  severe 
in  specimens  surviving  7  days  than  in  those  sacrificed  after  2  days. 

The  amount  of  dentin  formed  under  acrylic  fillings  was  increased.  Measure¬ 
ments  indicated  that  this  increase  was  consistent  and  approached  statistical 
significance — but  did  not  quite  reach  this  level,  except  occasionally  under  deep 
cavities.  The  impression  was  that  the  irritant  effects  of  the  acrylic  resulted  in 
an  increased  amount  of  dentin  formation.  However,  this  dentin  was  of  poor 
quality,  always  poorly  calcified,  frequently  atubular,  and  sometimes  even 
amorphous  in  character  (Table  I  and  Fig.  7). 

Effects  of  Zinc  Oxyphosphate  Cement. — The  effects  of  zinc  oxyphosphate 
cement  upon  odontoblastic  function  were  more  severe  than  in  any  of  the  previous 
specimens  when  placed  in  medium  or  deep  cavities  (Table  I).  In  shallow 
cavities  (more  than  100  microns  from  the  pulp),  the  alignment  of  the  odonto¬ 
blasts  under  the  cavity  was  disturbed.  The  postoperative  dentin  was  normal  in 
quality  but  significantly  increased  (2+)  in  amount  (Table  I).  This  indicated 
a  stimulating  effect  on  odontoblastic  function  in  the  shallow  cavities. 

In  moderately  deep  cavities,  however,  the  effects  were  very  injurious  (I'Mg. 
8).  The  calcio-traumatic  band  formed  at  the  time  of  operation  was  prominent 
and  the  postoperative  dentin  was  heavily  stratified  and  irregular,  atubular  and 
amorphous  in  structure.  The  odontoblasts  were  severely  disarranged  and  re¬ 
duced  in  number.  Dentin  formation  was  significantly  deficient  (2-)  in  amount 
(Table  I).  Interestingly,  dentin  formation  on  the  side  opposite  the  cavity  was 
often  stimulated  (Fig.  8).  Engorged  vessels  and  inflammatory  cells  were  often 
observed  in  the  pulp. 

In  deep  cavities,  zinc  oxyphosphate  cement  produced  death  of  many  odonto¬ 
blasts  and  dentin  hypoplasia  (Fig.  8). 
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Effects  of  Silicate, — The  effects  of  silicate  on  the  pulp  under  the  conditions 
of  this  experiment  were  very  severe  (Table  I).  The  odontoblasts  were  severely 
injured  or  destroyed  (Coy  and  associates),  even  under  shallow  cavities.  Dentin 
hypoplasia  was  the  rule  in  medium  cavities,  and  in  deeper  cavities  complete 
aplasia  (Fip^.  9).  When  some  dentin  matrix  was  formed,  it  was  atubular, 
irregular,  and  amorphous  in  structure. 

In  deeper  cavities,  the  pulpal  tissue  under  the  cavity  frequently  showed  a 
marked  inflammatory'  reaction,  cellular  infiltration,  and  abscess  formation.  The 
abscesses  were  walled  off  (Fig.  9)  and  calcification  of  degenerated  areas  could 
be  seen. 

In  shallow  cavities  the  cells  and  dentin  opposite  the  cavity  preparation 
were  only  slightly  affected,  but  in  deep  cavities  the  odontoblasts  opposite  the 
cavity  were  also  severely  injured  so  that  dentin  formation  was  deficient  in 
quantity  (hypoplastic)  and  in  quality  (interglobular  and  atubular).  The 
effects  seen  in  .shallow  cavities  were  considerably  more  injurious  than  those 
observed  under  amalgam  and  acrylic  fillings  in  even  the  deepest  cavities  and 
more  injurious  than  the  effects  of  zinc  oxyphosphate  cement  placed  in  moderately 
deep  cavities  (Table  I).  The  widespread  effects  of  the  silicate  fillings  upon 
the  cells  of  the  pulp  outside  the  cavity  area  were  very  striking  and  much  more 
extensive  than  those  observed  under  zinc  oxyphosphate  cement  fillings.  The 
effects  observed  under  acrylic  fillings  were  much  milder  and  less  extensive  by 
comparison,  while  the  effects  under  amalgam  fillings  were  limited  entirely  to 
the  cut  tubules  even  in  very  deep  cavity  preparations. 

Effects  of  varnish  under  silicates:  In  six  specimens,  varnish  was  applied 
to  the  cavity  prior  to  filling  with  silicate.  No  significant  differences  could  he 
observed  in  these  specimens  when  compared  with  those  in  which  varnish  was 
not  used.  These  results  confirm  similar  findings  by  Zander  (1946)  and  Zander, 
Olenn,  and  Nelson  (1947),  and  do  not  support  the  common  clinical  practice 
of  u.sing  a  varnish  to  protect  the  pulp  prior  to  filling  with  silicate. 

Effects  of  Black  Copper  Cement. — The  most  severe  changes  in  this  series 
were  effected  by  the  use  of  black  copper  cement.  Even  in  a  very  shallow  cavity 
preparation,  the  subtended  odontoblasts  were  almost  completely  destroyed  so 
that  practically  no  dentin  was  formed  under  the  cavity  thereafter  (aplasia).  In 
moderately  deep  cavities  (65  to  75  microns  from  the  pulp)  the  odontoblasts 
were  completely  destroyed,  and  complete  aplasia  resulted.  The  pulpal  tissue 
underlying  this  area  was  also  disarranged  (Fig.  10). 

The  severe  effect  of  the  black  copper  cement  was  apparently  very  acute 
and  very  severe  but  tended  to  be  localized  to  the  area  under,  and  immediately 
adjacent  to,  the  cavity  outline.  The  dentin  formed  out.side  the  cavity  outline 
was  fairly  normal  and  not  severely  stratified,  or  altered  in  amount  as  occurred 
in  teeth  filled  with  silicate  (compare  Figs.  9  and  10). 

Effects  of  a  Calcirnn  Hydroxide  Base. — A  base  material  consisting  of 
calcium  hydroxide  dispersed  in  a  solution  of  polystyrene  in  chloroform  (Chem- 
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bar)  was  used  in  four  cavity  ])reparations  under  a  fillino:  of  black  copper  cement 
to  test  its  efficacy  in  juotectin"  the  pulp  against  the  noxious  influences  of  the 
cement. 

It  was  found  that  when  Chembar  was  used  in  shallow  cavities  filled 
with  black  copper  cement,  the  exi)ected  injurious  effects  by  the  co]>])er  cement 
were  greatly  reduced  (Fip:.  11).  A  calcio-traumatic  band  was  formed  at  the 
time  of  oi)eration  but  the  postoperative  dentin  was  almost  normal  in  quality 
and  quantity. 

In  moderately  deep  cavities,  ('hembar  was  less  com|)letely  effective. 
The  severe  effects  previously  descriljed  under  fillings  with  copper  cement  were 
much  reduced,  but  the  odontoblasts  were  disarranged  and  the  ]mstoperative 
dentin  was  deficient  in  amount  and  defective  in  tubular  structure  (BMfi.  11). 
However,  in  no  instance  was  the  effect  as  destructive  as  that  described  for 
comi)arable  cavities  filled  with  the  black  coi)per  cement  alone.  The  protective 
action  of  Chembar,  when  ])laced  under  silicates,  has  been  demonstrated 
by  Zander  and  Pejko  (1947). 


Di.scus.siox 

Use  of  the  rat  for  the  bio-assay  of  filling  materials  offers  many  advantages 
over  the  use  of  the  dog  and  monkey.  First,  the  cost  and  time  involved  are 
much  less.  More  important,  the  rate  of  dentin  formation  is  much  more  rapid 
than  in  the  dog  or  monkey.  Because  of  this,  the  dentin-forming  cells  are  very 
active  and,  therefore,  also  much  more  responsive  to  minor  irritants  and  insults. 
These,  in  turn,  are  clearly  and  indelibly  recorded  as  delicate  variations  in 
calcification  and  structure  of  the  rapidly  forming  dentin  (Schour  and  Massler, 
1942).  The  kymographic  quality  of  the  dentin  in  the  incisor  of  the  rat  is 
superior  to  that  of  the  teeth  of  the  dog  or  monkey.  F'urther,  although  the 
response  of  the  pulp  of  the  rat  incisor  is  delicate  and  rapid,  it  is  relatively 
constant  and  reproducible.  This  is  important  since,  although  dogs  have  been 
the  animals  used  by  the  majority  of  investigators,  the  reaction  of  the  pulp  to 
filling  materials  i)laced  under  standardized  conditions  tends  to  show  rather 
wide  variations — presumably  because  of  the  heterogenous  nature  of  the  animals 
in  respect  to  age,  nutrition,  and  genetic  background  (Zander,  1951). 

,  The  results  obtained  in  this  single  study  reproduce  the  combined  findings 
obtained  in  human  teeth  by  many  investigators  (B'ish,  1931;  Manley,  1944; 
Shroff,  1947;  Zander,  1946,  1947;  Fisher,  1949;  Castagnola,  1950;  Kramer  and 
McLean,  1952),  and  in  other  animals  by  B’ascioli,  1924;  Dixon,  1934;  B'ish,  1932; 
(lurley  and  Van  Ifuysen,  1940,  1942;  James  and  Diefenbach,  1942;  Coy,  Bear, 
and  Kreshover,  1952;  and  many  others  (see  References),  This  study  thus 
demonstrates  the  validity  of  using  the  incisor  of  the  albino  rat  to  test  the 
biologic  response  of  the  pulp  to  new  (and  (tld)  filling  materials. 

B7)r  the  stinly  of  ehnmie,  long-term  eft'eets,  cavities  can  be  pn‘])ared  in 
the  Jiiolars  of  the  same  animal  as  demonst rated  by  Maurice  (1953). 

The  only  objections  rai.sed  tt)  the  use  of  the  rat  for  this  purpose  is  the 
small  size  of  the  tooth,  which  recpiires  a  meticulous  technique  of  cavity  prepara- 
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tinii  uii<U*r  a  stiMToinitToscoix'.  Tlu*  (iovt'lapnu'iit  of  u  finely  calibrated  instru- 
menl  In  produee  caviti(‘s  of  standard  size  and  depth  wonld  jjreatly  ai«l  this 
resea  reli. 

(Uinical  Apitlicution.s. — The  translation  of  it*snlts  obtained  in  exi>erimental 
animals  to  the  elinieal  situation  in  man  should  always  he  made  with  eaution. 
This  is  true  even  when  these  results  have  been  eonfirine<l  by  histolofjie  investitja- 
tions  in  the  teeth  of  man.  Human  pulps  react  in  a  variable  manner  even  under 
api)arently  similar  clinical  conditions.  Whether  this  is  due  to  age  factors  or  to 
inevitable  biologic  variations  is  not  clear.  Furthermore,  human  teeth  are  usually 
carious  before  the  cavity  is  prepared  and  the  tilling  is  placed.  The  reaction  of 
the  dentin  and  the  pulp  is,  therefore,  greatly  modified  by  the  effects  of  the 
caries  (sclerotic  dentin  and  secondary  dentin  formation)  as  well  as  the  clinical 
management  of  the  lesion  (sedative  dress'.ng  prior  to  tilling,  speed  and  depth 
of  cavity  preparation,  .sterilization  of  the  dentin,  and  .so  forth).  However,  it 
should  be  pointed  out  that  in  all  cavity  preparations,  extension  for  i)revention 
inevitably  opens  tubules  not  previously  attacked  by  caries.  In  such  areas  the 
present  findings  may  well  apply. 

This  study  indicates  that  the  dentin  in  the  rat  incisor  is  thinner  and 
more  permeable  than  the  dentin  in  human  teeth  and  that  the  pulp  is  therefore 
more  reactive  to  fillings  placed  in  these  teeth.  Nonetheless,  the  relative  effects 
obtained  in  the  rat  incisor  are  very  similar  to  those  obtained  under  experi¬ 
mental  conditions  in  young,  noncarious  human  teeth  by  other  investigators. 
This  indicates  that  the  results  obtained  in  the  rat  incisor  may  be  translated  to 
the  situation  in  the  young  pulps  of  children,  if  this  translation  is  made  with 
caution  and  gives  full  consideration  to  the  modifications  created  in  the  dentin 
and  the  pulp  by  caries  and  the  preceding  clinical  management  of  the  lesion. 
It  would  be  desirable  to  investigate  the  effects  of  these  tilling  materials  on  the 
pulp  when  placed  in  dentin  previously  attacked  by  caries  and  over  pulps  in 
which  seeondaiy-  dentin  has  already  l)een  formed. 

summary  and  conclusions 

Cavities  were  prepared  in  the  incisoi*s  of  74  albino  rats  and  tilled  with  a 
variety  of  tilling  materials  to  determine  the  effects  of  these  materials  on  the 
young  pul])  and  odontoblasts.  The  effects  on  the  odontoblasts  were  evaluated 
primarily  from  alterations  in  the  (piality  (calcification  ami  structure)  and 
<]uantity  of  the  dentin  formed  after  the  operation.  Animals  were  sacrificed  *J, 
7,  and  8  days  after  operation. 

The  operative  procedure  per  se  produced  an  acute  calcio-traumatic  reaction 
from  which  the  odontoblasts  almost  comi)letely  recovered  as  evidenced  by  the 
mild  accentuation  of  the  normal  incremental  pattern  during  the  7  days  of 
postoperative  dentin  formation  when  the  cavities  were  left  unfilled. 

Filling  the  cavity  with  zinc  oxide  and  eugenol  or  allowing  vital  connective 
tissue  to  grow  into  the  cavity  resulted  in  a  reduction  in  the  acute  oi)erative 
in,iury  to  the  odontoblasts  and  accelerated  the  postoperative  re<*overy  as  evi- 
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denced  by  the  formation  of  a  less  prominent  calcio-traumatie  band  and  a  return 
of  the  postoperative  incremental  pattern  to  normal  (Figs.  4  and  5).  No 
morphologic  changes  were  observed  in  the  pulp  or  the  odontoblasts. 

Insertion  of  a  silver  amalgam  filling  produced  a  definite  localized  injury 
and  atrophy  of  the  subtended  odontoblasts.  The  injurj'  was  markedly  aggravated 
as  the  depth  of  the  cavity  increased  and  the  filling  (and  its  diffusing  metallic 
ions)  came  closer  to  the  pulp  and  the  cell  bodies  of  the  odontoblasts  (Fig.  6). 

Self-curing  acrylic  was  slightly  more  injurious  to  the  odontoblasts  than 
the  amalgam,  as  evidenced  by  the  more  severe  acute  calcio-traumatie  reaction 
and  the  postoperative  formation  of  a  slightly  greater  amount  of  dentin  of  poor 
quality  (interglobular  under  shallow  cavities  and  atubular  under  deep  cavities) 
(Fig.  7).  The  injury  to  the  cells  was  cumulative  and  progressive  as  well  as 
more  extensive  than  the  strictly  localized  effects  by  the  amalgam. 

Filling  with  zinc  oxyphosphate  cement,  silicates,  and  copper  cements 
produced  increasingly  severe  injury  and  death  of  the  odontoblasts  with  resulting 
defects  in  the  quantity  as  well  as  quality  of  the  dentin  (Figs.  8  to  10).  These 
effects  were  increasingly  severe  in  the  order  of  materials  listed  (Table  I)  and 
as  the  depth  of  the  cavity  increased.  Zinc  oxyphosphate  cement  in  medium 
and  deep  cavities  resulted  in  death  of  many,  but  not  all,  odontoblasts,  and  in 
an  inhibition  of  dentin  formation  (Fig.  8).  Silicates  produced,  in  addition  to 
the  death  of  many  odontoblasts  and  dentin  hypoplasia,  inflammation  and  abscess 
formation  in  the  pulp  itself  (Fig.  9).  Copper  cement  was  most  destructive, 
resulting  in  complete  dentin  aplasia  even  in  shallow  cavities  (Fig.  10).  The 
effects  of  the  silicates  extended  beyond  the  limits  of  the  cavity.  The  effects  of 
the  oxyphosphate  cements  were  more  localized. 

Cavity  varnish  was  found  to  be  completely  ineffective  in  protecting  the 
pulp  against  injurj’  by  silicates.  A  calcium  hydroxide  liner  was  found  to  be 
much  more  effective  in  this  respect  (Fig.  11). 

The  results  obtained  in  this  study  are  compatible  with  similar  studies  made 
in  human  teeth,  and  in  teeth  of  other  animals  by  numerous  investigators.  The 
results  obtained  in  the  present  study  are  more  definite  and  striking  because  the 
rat  incisor  is  a  rapidly  growing  tooth  and,  therefore,  very  reactive  to  the  local 
injuries  produced  by  the  cavity  preparation  and  fillings.  The  reactions  of  the 
very  active  odontoblasts  to  the  filling  materials  were  clearly  imprinted  in  the 
dentin  forming  and  calcifying  after  the  fillings  were  placed  and  these  effects 
could  be  studied  in  greater  detail  under  much  more  rigidly  controlled  condi¬ 
tions  than  can  be  obtained  in  man.  The  results  obtained  indicate  that  the  rat 
incisor  has  many  advantages  over  the  teeth  of  dogs  or  monkeys  for  the  assessment 
and  evaluation  of  new  filling  materials  used  in  dentistry. 

Acknowledgment. — All  photographs  were  made  by  Mr.  William  Winn. 
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DENTAL  CARIES  IN  CHILDREN  ONE  TO  SIX  YEARS  OF  AGE  AS 
RELATED  TO  SOCIOECONOMIC  LEVEL,  FOOD  HABITS,  AND 
TOOTHBRUSHINC; 

BHIM  SEX  SAVARA,  B.D.S.,  M.S..  AND  THEODORE  SURER,  D.M.D.,  M.S. 
I'nivtniity  of  Orcyon  Dental  School,  Portland,  Ore. 

INTRODUCTION 

During  1951,  we  examined  650  children,  1  to  6  years  of  a^e,  livinfr  in 
Portland,  Oregon,  for  dental  caries  experience.  Children  of  this  young 
age  level  could  be  reached  only  at  different  nurseries,  kindergartens,  and  grade 
schools.  The  staffs  at  different  nurseries  revealed  that  some  of  the  nurseries 
were  partly  financed  by  charitable  organizations,  and  othei’s  were  maintained 
privately  by  the  fees  paid  by  the  parents.  We  surmised  that  this  factor  would 
select  the  children  from  two  different  socioeconomic  levels.  Studying  the  dental 
caries  incidence  of  children,  according  to  the  nursery  attended,  revealed  a 
significant  difference.*  However,  the  method  used  for  determining  the  socio¬ 
economic  statas  of  parents  from  the  characteristics  of  the  nuusery  (whether 
receiving  public  or  private  sujiport )  was  criticized  by  sociologists  on  the  basis 
of  Ijeing  i)oor  in  distinguishing  socioeconomic  levels.  It  was  recommended  that 
greater  accuracy  in  establishing  socioeconomic  status  of  parents  would  be 
obtained  if  a  trained  interviewer  visited  the  home  of  each  child  and,  using  a 
standardized  (questionnaire,  .secur(*d  information  from  the  qiarents. 

The  present  investigation  was  therefore  qilanned  to  study  the  association 
of  dental  caries  in  children  with  the  socioeconomic  status  of  parents.  The 
possibility  of  the  differenc(*s  in  socioeconomic  status  of  parents  resulting  in 
variation  in  the  fre(iuency  of  refined  carbohydrate  consumption  and  health 
education  of  childivn  (brushing  of  teetli)  was  also  consideivd  and  investigated 
in  this  study. 

KKVIKW  OF  THK  LITEKATI  RK 

Mellanby  and  Mellanby'  made  a  study  of  the  dental  caries  incidence  of  the 
5-year-old  ehildr(‘n  in  jmblic  schools  in  l^ondon.  The  number  of  caries-free 
children  d('creased  from  6.1  per  cent  in  the  schools  of  higher  income  districts 
to  2.8  per  cent  in  the  schools  of  the  poor  districts,  while  the  average  caries  figure 
increas4'd  from  4.4  per  cent  to  4.9  per  cent. 

(.'ohen  and  Gr(*en'‘*  conducted  a  survciy  on  apqiroximately  500  pn^school 
children  (aged  4  and  5  years).  Those  in  the  high  socioeconomic  h‘vel  showed 
the  lowest  def  counts. 

Potgieter  and  Everitt‘  reimrted  a  one-week  study  of  the  (‘ating  habits  of 
:185  children,  4  to  8  years  old,  in  2  ehunentary  schools.  The  children’s  diets  were 
evaluated  by  comparison  with  the  Basie  Seven  food  guide.  This  report  showed 
all  but  one  of  the  <liets  to  be  iiK'dium  or  p(K»r  in  nutritional  adcKquacy.  Ghildren 
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with  “bettor’’  diets  were  slifrhtly  superior  in  physieal  status,  in  dental  status, 
in  days  absent  because  of  illness,  and  in  educational  ratinjis,  and  definitely  better 
in  social  adjustment. 

Dykes^  reported  on  a  survey  of  23,000  Oakland  children  atteiulinj;  elemen¬ 
tary,  junior  hi^h,  and  hi^h  schools:  18.8  ])er  cent  liad  candy  before  0  .v..m.;  35.1 
per  cent  had  candy  before  1  p..m.;  6.1  per  cent  had  soft  drinks  before  0  a.m.:  15.3 
l)er  cent  had  soft  drinks  before  1  p.m. 

MATERIAUS  AND  METHODS 

Dental  examinations  for  650  Portland  children  had  alrea<ly  been  conducted.^ 
The  present  investigators  therefore  considered  it  expedient  to  secure  information 


Tabi.e  I 

Interview  Scheiui.e  U.sei)  fur  Home  Interviews  to  Secire  and  Record  Information 
From  the  Parents  of  Chii.dren  Examined  for  Dentai.  Caries  Sti  dy 


DE.NTAR  SI  RVEY 

Child’s  Name  _  Nurwrv 


Serial  No. 


1.  Does  the  child  have  desserts  daily  for  Liiiieli 

Dinner 


Which  of  the  following  does  he  eat  for  desst*rt,  and  how  many  times  a  weekf 

Cake  _  ('ookies _ 

Pie -  Candies _ 

Ice  Cream _  Fresh  Fruit _ 

Jello  _  Canned  Fruit _ 

.1.  Does  the  child  eat  in  Indweim  meals?  Yes _ No  _  If  yes,  how  many  times 

daily! _ 

4.  If  the  child  brushes  his  teeth,  how  often  do«‘s  he  do  it  f _ -And  when! 

At  rising  _  After  lunch  _ 

Before  bri^akfast  _  .After  dinner  _ 

-After  breakfast  _  B«*fore  retiring  _ 

o.  Where  has  the  family  lived  during  the  last  six  years? 

Length  of  Residence  Town  State 


a.  How  many  rooms  are  o«*cu|)ied  exclusively  by  your  family  in  the  houst*?  No. _ 

7.  (a)  How  many  meml>ers  of  your  immediate  (mother,  father,  children)  family  live  with 

you!  No.  of  Adults  _  No.  of  Children  _ 

8.  Does  the  family  have  a  private  Imthroom?  Yes _ No _ If  more  than  <»ne,  how  inanyf 


W.  Do  you  take  any  magazines  regularly?  NumlM*i  _  If  so,  name  three. 


10.  Do  you  employ  any  domestic  help?  None _ Part  time _ Full  time _ 

11.  What  is  the  o<*cupation  of  the  father  (if  employed)?  Please  give  as  8pe<dtic  details  as 

possible.  _ 


12.  If  the  mother  is  working,  what  type  of  work  is  she  doing? 


l.'l.  llow  many  years  of  whool  completed  beyond  grammar  8<-hoolf  Father 
Mother _ 

14.  Into  which  of  the  following  income  groups  doi's  this  fainilv  fall? 

$  0-2,000  -  .iiMO  1-8,000  _ 

2,001-4,000  -  8,001  over  _ 

4,001-6,000  _ 

15.  Recorder’s  estimate  _  Rivorder  _ 
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regarding  the  socioeconomic  status  of  the  parents  as  well  as  the  food  and  oral 
hygiene  habits  of  the  same  children. 

Table  I  illustrates  the  questionnaire  used  by  the  interviewers.  The  inter¬ 
viewers  were  3  graduate  students  who  have  had  considerable  experience  in  inter¬ 
viewing  of  this  kind.  Questions  1,  2,  and  3  secured  information  about  the  types 
of  foods  and  frequency  of  eating.  Question  4  obtained  information  about  the 
toothbrushing  habits.  Question  5  was  used  to  find  out  if  the  child  had  lived  in 
a  fluoride  endemic  area.  Questions  6  to  14  were  used  to  determine  the  socio¬ 
economic  status  of  the  parents.  The  information  obtained  from  Questions  6 
through  14  overlapped  and  aided  in  double-checking  the  answers  received  from 
the  parents.  The  questionnaire  w’as  pretested  on  patients  in  the  dental  clinic. 
Socioeconomic  status  of  the  parents  was  determined  (1)  according  to  the 
occupation  of  the  father,  (2)  according  to  the  income  of  the  family  as  reported 
by  the  mother,  and  (3)  as  estimated  by  the  interviewer  after  interviewing  the 
mother.  The  interviewer  took  into  consideration  the  data  obtained  from  Ques¬ 
tions  6  to  14,  as  well  as  his  personal  rating  of  the  family  as  surmised  from  the 
appearance  of  the  home,  furnishings,  and  neighborhood. 

Home  interviews  were  obtained  from  the  parents  of  279  of  the  650  children 
examined  for  dental  caries  incidence.  The  remaining  parents  Avere  not  inter¬ 
ested  in  cooperating  or  could  not  be  traced.  Data  on  the  279  children  were 
analyzed  by  chi  square  and  correlation  techniques.® 

This  study,  therefore,  represents  only  children  whose  parents  were  trace¬ 
able  and  cooperative.  On  the  factors  we  know  about,  the  re.spondents  and  total 
population  examined  compare  as  follows: 


FACTORS  1 

RESPONDENTS 

1  TOTAL  POPUIJ\.TION  EXAMINED 

NumV)er  of  children 

279 

650 

Mean  age 

3.9 

4.2 

Median  age 

4.0 

4.0 

^ge  standard  deviation 

2.06 

1.56 

'Age  range 

2-6 

1-6 

def  Teeth 

Mean 

4.1 

3.8 

Median 

3.0 

3.0 

Standard  deviation 

4.06 

3.9 

Range 

0-19 

0-19 

FINDINGS 

Association  of  Dental  Caries  With  Food  Habits,  Socioeconomic  Status,  and 
Oral  Hygiene. — In  the  present  study  of  279  children,  no  association  was  found 
(Table  IIA)  between  dental  caries  (def  teeth)  and  (a)  desserts  consumed  at 
lunch  and/or  at  dinner,  (b)  number  of  times  per  week  cake,  pie,  ice  cream, 
gelatin,  cookies,  and/or  candy  were  consumed,  (c)  number  of  times  per  week 
fresh  fruit  was  consumed,  (d)  frequency  of  food  consumed  between  meals,  (e) 
economic  level  of  the  parents  as  estimated  by  the  interviewer,  (f)  type  of 
father’s  employment  (unemployed,  unskilled,  skilled,  white  collar,  managerial 
or  owner,  professional),  (h)  income  of  parents,  and  (i)  number  of  times  per  day 
the  child  brushed  his  teeth.  Distribution  of  children  according  to  the  number 
of  times  canned  fruit  was  consumed  in  one  week  as  related  to  def  teeth  was  found 
to  be  significant  (r  =  0.2,  P<0.05). 
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Table  IIA 

Association  of  Dental  Caries  (def  Teeth)  With  Different  Factors  in  279  Children 

1  TO  6  Years  of  Age 


APPROXIMATE  CORRELATION 

FACTORS 

COEFFICIENT  R* 

Pt 

Dental  Caries  with: 

1.  Desserts  consumed  at  lunch  and/or  at 

dinner 

2.  Number  of  times  per  week  cake,  pie,  ice 

cream,  gelatin,  cookies,  and/or  candy 
were  consumed 

3.  Number  of  times  per  week  fresh  fruit 

was  consumed 

4.  Frequency  of  food  consumed  between 

meals 

5.  Economic  level  of  the  parents  (as  esti¬ 

mated  by  the  interviewer) 

6.  Type  of  father’s  employment  (unem¬ 

ployed,  unskilled,  skilled,  white  collar, 
managerial  or  owner,  professional) 

7.  Cultural  level  of  parents  (number  of 

magazines  subscribed) 

8.  Income  of  parents  (reported  by  mother) 

9.  Number  of  times  a  day  the  child 

brushed  his  teeth 

10.  Number  of  times  a  week  canned  fruit 

was  consumed 

11.  Number  of  rooms  per  family 

12.  Number  of  years  of  father’s  education 

13.  Number  of  years  of  mother’s  education 

14.  Age  of  the  child 


No  association 

— 

No  association 

— 

No  association 

— 

No  association 

— 

No  association 

— 

No  association 

— 

No  association 

— 

No  asso<*iation 

_ 

No  association 

— 

rz=  0.2 

P<0.05 

r=  0.2 

P<0.03 

r  =  -0.4 

P<0.05 

r  =  -0.3 

P<0.05 

r=  0.4 

P<0.05 

I 


•A  short-cut  measure  of  correlation  (William  A.  Spurr*). 
tProbabillty  of  this  high  an  r  if  no  correlation  present. 


Table  IIB 

Association  of  Father’s  Income;  Toothbrushing,  Time  and  Frequency;  and  Age  of 
THE  Child  With  Different  Factors 


FACTORS 

APPROXIMATE  CORRELATION 
COEFFICIENT  R* 

Pt 

Father’s  income  with: 

1.  Number  of  times  per  week  canned  fruit 

No  association 

was  consumed 

2.  Number  of  times  per  week  fresh  fruit 

No  association 

was  consumed 

3.  Number  of  times  per  week  ice  cream. 

No  association 

cake,  pie,  gelatin,  cookies,  and/or  candy 
was  consumed 

4.  Education  (father) 

II 

P 

P<0.01 

Toothbrushing,  time  and  frequency,  with: 
1.  Age  of  the  child 

No  assoi'iation 

2.  Income  of  the  parents 

No  a.ssociation 

— 

3.  Number  of  decayed  teeth  (d) 

No  association 

— 

4.  Number  of  years  of  father’s  education 

r  =  0.3 

P<0.05 

5.  Number  of  years  or  mother’s  education 

r  =  0.3 

P<0.05 

Age  of  the  child  with: 

1.  Number  of  times  per  week  canned  fruit 

No  association 

was  consumed 

2.  Number  of  times  per  week  fresh  fruit 

No  association 

was  consumed 

3.  Number  of  times  per  week  ice  cream, 

,  No  association 

cake,  pie,  gelatin,  cookies,  and/or  candy 
was  consumed 

•A  short-cut  measure  of  correlation  (William  A.  Spurr*). 
tProbabillty  of  this  high  an  r  if  no  correlation  present. 
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Econoniic*  status  of  the  i)arents  as  determined  by  the  interviewer,  income 
of  parents,  or  the  type  of  employment  was  not  found  to  be  related  to  dental 
caries,  but  the  number  of  rooms  per  person  in  the  family  was  associated  with 
incidence  of  caries  (r  =  0.2,  P<0.05).  Similarly,  whereas  the  cultural  level  of 
the  parents  was  not  related,  the  number  of  years  of  father’s  education  was  rather 
strongly  associated  with  dental  caries  (r  =  -0.4,  P<0.05),  and  number  of  years 
of  mother’s  education  also  showed  some  association  (r  =  -0.3,  P<0.05).  It 
will  be  observed  on  Table  III  that  parents  with  high  education  had  fewer  children 
needing  dental  attention.  As  expected,  age  and  dental  caries  were  associated 
(r  =  0.4,  P<0.05). 

Table  IIB  shows  that  no  correlation  was  found  between  the  income  of  the 
father  and  the  number  of  times  per  week  the  child  consumed  (a)  ice  cream,  cake, 
pie,  gelation,  cookies,  and  candies,  (b)  fresh  fruit,  and  (c)  canned  fruits. 
Income  of  the  father  was  strongly  related  to  the  number  of  years  of  schooling 
he  had  received  (r  =  0.7,  P<0.01). 


T.\ble  III 

Association  of  Caries  (def  Teeth)  in  Children  1  to  6  Years  of  Age  With  Number 
OF  Years  of  Father’s  Education 


NO. 

YEARS 

EDUCA¬ 

TION 

DEF  TEETH  | 

TOTAL 

■ 

!  2  ’ 

3 

■ 

■ 

■ 

8 

9 

1 

10 

0-2 

7 

3 

2 

1 

1 

1 

1 

2 

1 

1 

1 

20 

3-4 

19 

4 

8 

4 

7 

9 

8 

5 

7 

6 

6 

83 

5-6 

12 

3 

6 

3 

3 

4 

3 

5 

2 

3 

1 

45 

7-8 

14 

7 

7 

4 

11 

1 

4 

3 

4 

0 

2 

57 

9-10 

9 

0 

2 

0 

1 

0 

1 

1 

1 

0 

3 

18 

11  plus 

11 

2 

3 

3 

5 

1 

1 

0 

0 

0 

1 

27 

Total 

72 

17 

28 

15 

28 

16 

18 

16 

15 

10 

14 

250* 

•29  did  not  indicate  the  years  of  education. 

Approximate  correlation:  r  =  0.42,  P  <  0.05.  See  Reference  6. 

The  time  of  day  when  the  child  brushed  his  teeth  (at  rising,  before  break¬ 
fast,  after  breakfast,  after  lunch,  after  dinner,  and/or  before  retiring)  as  well 
as  the  number  of  times  per  day  he  brushed  his  teeth  was  not  found  to  be 
as.sociated  with  the  age  of  the  child,  income  of  the  parents,  or  the  number  of 
decayed  teeth  (d).  The  children  started  brushing  their  teeth  at  2  years  of  age. 
At  2  to  6  years  of  age,  6  per  cent  of  the  children  did  not  brush  their  teeth,  52 
per  cent  brushed  their  teeth  once  daily,  38  per  cent  brushed  twice  daily,  and  3 
per  cent  brushed  3  times  per  day.  Of  the  52  per  cent  brushing  once  daily,  two- 
thirds  brushed  them  before  retiring.  Of  the  38  per  cent  brushing  their  teeth 
twice  daily,  two-thirds  were  doing  .so  after  breakfast  and  before  retiring. 
Father’s,  as  well  as  the  mother’s,  educational  level  was  associated  with  the 
number  of  times  per  day  the  child  brushed  his  teeth  (r  =  0.3,  l*<0.05). 

No  association  was  found  between  the  age  of  the  child  and  the  number  of 
times  per  week  (a)  ice  cream,  cake,  jiie,  gelatin,  cookies,  and  candies,  (b)  fresh 
fruit,  and  (c)  canned  fruits  were  consumed. 
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SUMMARY 

Association  ol‘  incidence  of  dental  caries  with  the  socioeconomic  status  of 
parents  was  investifrated  in  279  children.  The  pan-nt  (mother)  of  the  child  was 
interviewed  at  home  by  trained  interviewers  to  determine  the  s<K*i(M‘cononuc 
status  and  obtain  information  on  the  finxl  and  oral  hygiene  habits  of  the  children. 
A  negative  association  was  found  between  tin*  parent's  (father  as  well  as  mother) 
education  and  dental  caries  (def  teeth).  Parent's  education  was  found  to  be 
associated  with  the  number  of  times  per  day  the  children  brushed  their  teeth. 

Parents'  income  was  not  found  to  be  associated  with  the  incidence  of  dental 
caries,  food,  or  oral  hygjiene  habits  in  these  279  children. 

We  wish  to  thank  Dr.  Carl  E.  Hopkins  for  his  aid  in  the  presentation  and  supervision 
of  the  statistical  analysis. 
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THE  ORAL  ADMINISTRATION  OF  LACTOBACILLUS  ACIDOPHILUS 
INTO  THE  SYRIAN  HAMSTER 

I.  Oral  Population  in  Relation  to  Dental  Caries 

HUBERT  B.  PALMER,  D.D.S.,*  NORMAN  C.  LAFFER,  Ph.D.,  AND 
JOHN  E.  FABER,  Jr.,  Ph.D. 

Department  of  Bacteriology,  University  of  Maryland,  College  Park,  Md. 

Through  the  years  numerous  investigators^'^  have  reported  a  elose  associa¬ 
tion  between  oral  laetobaeilli  and  dental  caries  activity  in  human  beings. 
Recently  a  number  of  workers*'*^  who  have  worked  with  either  human  beings 
or  experimental  animals  have  reported  no  correlation  between  oral  laetobaeilli 
and  dental  caries  activity. 

Orland  and  Rejuiers’®  were  able  to  produce  carious  lesions  in  the  teeth 
of  germ-free  animals  when  laetobaeilli  were  the  only  contaminant.  A  number 
of  investigators^^*’®  have  attempted  to  implant  laetobaeilli  in  the  oral  cavities 
of  either  human  beings  or  experimental  animals  in  an  endeavor  to  produce 
dental  caries.  However,  none  of  these  workers  demonstrated  any  evidence  for 
such  implantation  or  for  the  production  of  dental  caries.  Since  there  is  no 
complete  agreement  as  to  the  etiological  agent  of  dental  caries,  information 
based  upon  available  evidence  indicates  further  investigation  of  laetobaeilli 
as  the  suspected  agent  is  w  arranted. 

The  purpose  of  this  investigation  has  been  twmfold:  (a)  to  determine  the 
po.ssibility  of  increasing  the  oral  laetobaeilli  population  in  experimental 
animals  by  routine  oral  administration  of  laetobaeilli  under  normal  oral  condi¬ 
tions  and  under  altered  or  conductive  oral  environmental  conditions  which 
may  promote  grow’th  of  the  test  organism,  and  (b)  to  determine  whether  or  not 
the  oral  laetobaeilli  population  could  be  correlated  with  the  incidence  of  dental 
caries  or  the  gross  loss  of  carious  tooth  structure. 

METHOD 

Three  litters,  totaling  24  animals,  of  Syrian  hamsters  from  the  Hathaway 
strain  w'ere  segregated  at  23  days  of  age  into  4  groups  according  to  sex  and  litter- 
mates.  The  4  groups  were  differentiated  according  to  diet  and  w^ere  knowm  as 
regular  (R),  regular  and  laetobaeilli  (RL),  cariogcnic  (C),  and  eariogcnic  and 
laetobaeilli  (CL).  Each  animal  in  all  4  groups  received  a  basal  diet  of  Purina 
Laboratory  Chow  which  ranged  from  5  to  10  Gm.  daily,  the  ration  increasing 
with  age  of  the  animals.  Animals  in  the  C  and  CL  groups  received,  in  addition 
to  the  basal  ration,  5  Gm.  of  chemically  pure  dextrose  daily.  Animals  in  RL 
and  CL  groups  received  orally  every  day  0.5  to  1.0  c.c.  saline  .solution  su.spen- 

Kead  at  the  Thirty-second  General  Meeting  of  the  International  Association  for  Dental 
Research,  French  Lick,  Ind.,  March  19,  1954.  (J.  D.  Res.  33:  679,  1954.) 

Received  for  publication  June  25,  1954. 

•Present  address:  Department  of  Experimental  Denti.stry,  USAF  School  of  Aviation 
Medicine,  Randolph  Air  Force  Base,  Randolph  Field,  Texas. 
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sion  of  L.  acidophilus  ATCC  No.  4356  at  a  concentration  of  9  x  10*  cells  per 
cubic  centimeter.  The  animals  in  all  4  groups  received  tap  water  ad  libitum. 

Lactobacilli  counts  of  the  saliva  of  all  animals  were  begun  when  the 
animals  reached  12  weeks  of  age  and  were  repeated  at  2-week  intervals  until 
they  were  26  weeks  old.  The  saliva  samples  were  procured  between  18  and  20 
hours  following  oral  inoculation  of  animals  with  lactobacilli.  Since  the  tech¬ 
nique  involved  in  obtaining  and  processing  saliva  samples  was  a  lengthy  proce¬ 
dure  for  any  one  particular  group,  only  the  animals  in  one  group  were  studied 
on  any  one  particular  day.  Therefore,  when  the  counts  were  made  at  each  2- 
week  interval,  saliva  samples  were  taken  for  the  4  groups  on  4  consecutive 
days,  samples  being  taken  consistently  in  the  same  orderly  arrangement.  Ten 
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FIgr.  1. — Biweekly  oral  lactobacilli  counts  plotted  according:  to  animal  groups. 


minutes  prior  to  the  obtaining  of  a  saliva  sample,  each  animal  received  intra- 
peritoneally  0.11  mg.  of  pilocarpine  in  0.04  c.c.  of  saline  solution.  Approxi¬ 
mately  0,10  c.c.  of  saliva  was  obtained  from  each  animal.  Saliva  was  collected 
aseptically  by  suction.  Saliva-saline  solution  dilutions  of  1-100,  1-500,  1-1000, 
1-10,000,  1-100,000  and  1-1,000,000  were  prepared  for  each  specimen.  Pour 
plates  were  prepared  in  duplicate  using  1  c.c.  of  the  respective  dilutions  given 
previously  and  20  c.c.  of  Rogosa’s  medium.  The  cultures  were  incubated 
anaerobically  for  72  hours  at  37°  C.  Routinely,  the  colonies  were  checked  and 
identified.  Polonies  verified  as  lactobacilli  were  gram-positive  nonspore¬ 
forming  rods  which  were  unable  to  reduce  nitrates  and  were  catalase  negative. 
Counts  were  made  with  the  aid  of  a  Spencer  colony  magnifier  and  a  mechanical 
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counter.  At  2!)  weeks  of  age,  all  the  animals  were  killed  hy  inhalation  oT 
vai)ori/.ed  ethyl  ether.  The  heads  were  placed  in  indivi<lual  flasks  of  distille<l 
water  and  autoclaved  at  120°  ('.  On-  20  ndnutes.  S«d‘1  tissues  were  then  i-e- 
moved  from  the  mandihles  and  ma.xillae.  The  teeth  of  each  animal  were 
examined  mieroseopieally  for  dental  caries.  gi-oss  loss  «d'  carious  tooth  struc¬ 
ture,  and  «>thei-  defects,  ruder  x2l  magnification,  the  gross  loss  of  the  earhnis 
dental  tissue  foi-  each  tooth  was  determined  with  the  aid  of  a  dental  explorer 
calibrated  in  one-hundredths  of  an  inch.  The  volume  of  the  carious  area  was 
calculated  on  the  basis  of  the  length,  the  width,  and  the  depth  of  the  lesion. 
Such  volume  here  reported  as  the  degree  of  gross  lo.ss  of  carious  tooth  struc¬ 
ture  has  been  expressed  as  a  whole  number.  This  calculation  is  the  product 
obtained  by  multiplying  the  numerators  of  d  common  fractions  which  were 
determined  when  the  width,  length,  and  de])th  of  each  le.sion  were  measured. 


Tabi.e  1 

A  Comparison'  of  the  Oral  Lactobacilli  Cocnts  Accorbi.no  to  .\nimal  Groups 


observation  PERIOBS  CORRESPOND  TO  AGE  OF 

animal 

IN  WEEKS 

WEEKS 

1  1^  1 

1 

16  1 

18  1 

20  1 

1  1 

24  1 

26 

Gp. 

C 

Xo.  saliva  speci¬ 
mens 

6 

6 

6 

6 

6 

6 

6 

6 

Mean  No. 
colonies* 

9,400 

4,600 

;ioo 

(00 

280 

200 

1 ,300 

2,500 

Log.  mean  No. 
colonies 

6.97 

6.66 

5.4.S 

5.77 

5.44 

5.29 

6.11 

6.39 

Gp. 

CL 

No.  saliva  speci¬ 
mens 

6 

6 

6 

6 

6 

5 

5 

5 

Mean  No. 
colonies* 

9,900 

1,700 

160 

1,500 

100 

79 

1,000 

2,800 

Log.  mean  No. 
colonies 

6.99 

6.2-2 

5.19 

6.10 

5.00 

4.89 

6.00 

6.44 

Gp. 

K 

Xo.  saliva  speci¬ 
mens 

6 

6 

6 

5 

5 

5 

4 

4 

Mean  No. 
colonies* 

2*^ 

-27 

.ll 

6.1 

41 

210 

190 

250 

Log.  mean  No. 
colonies 

4.;u 

4.4;i 

4.49 

4.79 

4.61 

5.32 

5.28 

5.39 

Gp. 

KL 

No.  saliva  speci¬ 
mens 

6 

6 

6 

6 

6 

6 

5 

5 

Mean  No. 
colonies* 

l.'io 

400 

170 

120 

97 

40 

37 

26 

Log.  mean  No. 
colonies 

5.i:i 

5.60 

5.24 

5.08 

4.98 

4.60 

4.56 

4.41 

*I.actobacilli  coBjnies  c.o.  saliva  X  10^ 


IU:SULTS 

In  Table  I  are  shown  the  biweekly  oral  lactobacilli  counts  according  to 
animal  groups.  The  column  showing  the  number  of  saliva  specimens  cor¬ 
responds  to  the  number  of  animals  in  the  group  studied.  Four  of  the  original 
24  animals  esca))ed  from  their  cages  and  were  lo.st  to  the  exi)eriment.  In 
Fig.  I,  the  ordinate  re])resents  the  logarithm  of  the  mean  number  of  colonies 
per  cubic  centimeter  of  saliva,  and  the  abscissa  indicates  the  age  of  the 
animals.  Lactobacilli  counts  for  the  4  groups  fluctuate  from  time  to  time,  but 
each  grouj)  follows  a  definite  trend. 
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In  Table  II,  a  statistical  comparison  of  oral  lactobacilli  counts  between 
animals  of  cariogenic  (C)  and  regular  (K)  groups  at  various  age  periods  have 
been  made.  For  such  periods,  namely,  at  12  and  14  weeks,  at  16,  18,  and  20 
weeks,  at  22,  24,  and  26  weeks,  and  for  12  through  26  weeks,  the  critical 
ratios  2.18,  3.51,  1.93,  and  2.47  are  shown,  respectively.  While  such  findings 
have  indicated  a  significant  difference  between  the  groups  (a  critical  ratio  of 
above  2.0  is  considered  significant),  they  also  have  indicated  that  the  differ¬ 
ences  between  the  2  groups  became  less  significant  as  the  study  continued. 
Lactobacilli  counts  of  animals  of  the  R  group  progressively  increased  from 
the  12-  and  14-week  period  (24  x  10‘  colonies  per  cubic  centimeter  of  saliva) 
to  the  22-,  24-,  and  26-week  period  (220  x  10-*  colonies  per  cubic  centimeter  of 
saliva).  The  counts  for  the  animals  in  the  C  group,  barring  certain  fluctua¬ 
tions,  for  the  same  periods  of  observation,  have  decreased  from  a  high  of 
7,000  X  10^  colonies  per  cubic  centimeter  of  saliva  to  a  low'  of  1,300  x  10^ 
colonies.  Findings  in  Table  II  have  indicated  no  significant  difference  in 


Table  II 

A  Statistical  Comparison  op  Oral  Lactobacilli 
Between  C  and  R  Grovps  and  Betw’een  R  and  RL  Groups 


GROUPS 

AGE  IN 

WEEKS 

■NO.  SALIVA 

SPECIMENS 

MEA.V  NO. 
COL./C.C. 

X  103 

S.  I).  X  103 

S.  E.  M. 

X  103 

C.  K. 

C 

12,  14 

12 

7,000 

11,160 

3,221 

2.18 

R 

12,  14 

12 

24 

24 

7 

— 

c 

16,  18,  20 

18 

.190 

414 

97 

3.51 

R 

16,  18,  20 

16 

44 

68 

17 

— 

C 

22,  24,  26 

18 

1,.100 

2,.197 

564 

1.93 

It 

22,  24,  26 

1.1 

220 

291 

80 

— 

C 

12-26 

48 

2,400 

6,373 

919 

2.47 

R 

12-26 

41 

93 

189 

29 

— 

R 

12,  14 

12 

24 

24 

7 

2.40 

RL 

12,  14 

12 

270 

351 

101 

— 

R 

16,  18,  20 

16 

44 

68 

17 

2.95 

RL 

16,  18,  20 

18 

130 

101 

24 

— 

R 

22,  24,  26 

1,1 

220 

291 

80 

2  22 

RL 

22.  24,  26 

16 

35 

.16 

9 

— 

It 

12-26 

41 

9.1 

189 

29 

0.92 

RL 

12-26 

46 

1.10 

212 

.11 

— 

S.  D.  =  standard  deviation 

S.E.M.  =  Standard  error  of  the  mean. 

C.  R.  =  Critical  ratio. 


counts  between  animals  of  K  (regular)  and  RL  (regular  plus  lactoliacilli) 
groups  based  upon  total  number  of  observations  made  during  the  twelfth 
through  the  twenty-sixth  weeks.  However,  there  are  significant  differences 
in  counts  as  shown  for  certain  jieriods  during  the  .study.  Between  the  twelfth 
iind  twentieth  w'eeks  of  observation,  the  animals  receiving  the  oral  lactobacilli 
suspension  (RL)  slmw'ed  a  significantly  higher  count  than  did  tho.se  of  the  \l 
gioup.  Between  the  twenty-.second  and  twenty-si.xth  weeks  of  observation, 
the  animals  of  the  RL  group  showed  a  .significantly  lower  count  than  those 
of  the  R  group. 
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No  significant  diflFerence  was  observed  in  oral  lactobacilli  counts  between 
the  animals  of  the  cariogenic  (C)  and  cariogenic  plus  lactobacilli  (CL)  groups 
at  any  time  during  the  experiment  (Table  III).  However,  significantly  higher 
counts  were  observed  in  animals  of  the  C  and  CL  groups  in  relation  to  those 
of  the  R  and  RL  groups  according  to  any  of  the  3  comparisons  shown. 


Table  III 

A  Statistical  Comparison  of  Oral  Lactobacilli  Between  C  and  CL,  CL  and  RL,  CL  and  R, 

C  AND  RL  Groups 


GROUPS 

AGE  IN 

W'EEKS 

NO.  SALIVA 

SPECIMENS 

MEAN  NO. 
COL./C.C. 
SALIVA 

X  103 

S.  D.  X  103 

S.  E.  M, 

X  103 

C.  R. 

C 

12,  14,  16 

18 

4,800 

9,646 

2,273 

0.29 

CL 

12,  14,  16 

18 

3,900 

7,781 

1,833 

— 

c 

18,  20,  22 

18 

360 

414 

97 

0.52 

CL 

18,  20,  22 

17 

500 

1,074 

260 

— 

C 

24,  26 

12 

1,900 

2,768 

799 

CL 

24,  26 

10 

1,900 

2,038 

644 

— 

C 

12-26 

48 

2,400 

6,373 

919 

0.18 

CL 

12-26 

45 

2,200 

5,236 

780 

— 

CL 

12-26 

45 

2,200 

5,236 

780 

2.61 

RL 

12-26 

46 

130 

212 

31 

— 

CL 

12-26 

45 

2,200 

5,236 

780 

2.66 

R 

12-26 

41 

93 

189 

29 

— 

C 

12-26 

48 

2,400 

6,373 

919 

2.42 

RL 

12-26 

46 

130 

212 

31 

— 

S.  D.  =  Standard  deviation. 

S.E.M.  =  Standard  error  of  the  mean. 
C.R.  =  Critical  ratio. 


Findings  in  Table  IV  indicate  that  the  dental  caries  incidence  was  greater 
in  the  animals  of  the  C  group  as  compared  to  those  of  the  R  group  and  greater 
in  those  of  the  CL  group  as  compared  to  the  RL  group  by  28  and  40  per  cent, 
respectively.  Likewise,  comparing  gross  loss  of  carious  tooth  structure  be- 


Table  IV 

A  Comparison  of  Caries  Incidence  Between  Animal  Groups  as  Well  as  a  Comparison 
OF  Gross  Loss  of  Carious  Tooth  Structure  Between  Such  Groups 


GROUPS 

MEAN  NO. 

CARIOUS 

TEETH 

PER  CENT 

CHANGE 

MEAN 

D.  G.  L.* 

PER  CENT 

RESPONSIBLE 

FACTORS 

C 

4.16 

28.00  1. 

7.16 

218.2  1. 

Glucose 

R 

3.25 

— 

2.25 

— 

CL 

2.80 

40.00  I. 

4.60 

206.6  1. 

Glucose 

RL 

2.00 

— 

1.50 

— 

R 

3.25 

— 

2.25 

— 

L.a.S.I 

RL 

2.00 

38.47  D. 

1.50 

33.33  D. 

C 

4.16 

— 

7.16 

— 

L.a.S. 

CL 

2.80 

32.70  I). 

4.60 

35.76  D. 

R 

3.25 

_ 

2.25 

— 

Glucose 

CL 

2.80 

13.85  I). 

4.60 

104.4  I. 

L.a.S. 

I  =  Per  cent  Increase ;  D  =  per  cent  decrease. 

•D.G.L.  =  The  degree  of  gross  loss  of  carious  tooth  structure. 
tLi.a.S.  =  Lactobacillus  acidophilus  in  saline  solution. 
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tween  C  and  R  groups  and  between  C’L  and  RL  groups,  the  animals  on  the 
eariogenic  diet  showed  greater  tooth  destruction  than  those  on  the  regular 
diet  by  218.2  and  206.6  per  cent,  respectively.  Table  IV  also  indicates  that 
the  dental  caries  incidence  and  gross  loss  of  carious  tooth  structure  were  less 
in  those  groups  (RL  and  CL)  which  received  lactobacilli  than  in  the  control 
groups  (R  and  C).  Factors  responsible  for  increasing  or  decreasing  either  the 
caries  incidence  or  the  gross  loss  of  carious  tooth  structure  are  shown. 

The  data  in  Table  V  indicated  no  definite  correlation  between  either  dental 
caries  incidence  or  gross  loss  of  carious  tooth  structure  and  number  of  oral 
lactobacilli  between  the  animals  of  R  and  RL  groups  or  between  the  animals 
of  C  and  CL  groups.  It  has,  however,  indicated  such  a  correlation  between  the 
animals  of  R  or  RL  groups  and  those  of  C  or  CL  groups. 

An  additional  dental  defect  known  as  erosion,  of  which  no  mention  has 
been  made  in  any  table  or  chart,  was  observed  from  a  slight  to  a  marked 
degree  on  several  teeth  of  almost  all  the  animals  in  the  RL  group.  The  teeth 
of  the  animals  of  the  3  other  groups  showed  no  such  defects.  Just  prior  to 
sacrificing  the  animals  the  mean  weight  of  those  in  the  RL  group  was  less 
when  compared  to  that  of  the  animals  for  each  of  the  three  other  groups. 


Table  V 

A  Comparison  of  Caries  Incidence  and  Gross  Loss  of  Carious  Tooth  Structure  With 

Number  of  Oral  Lactobacilli 


r.Roups  j 

NO.  OF 

ANIMALS 

MEAN  NO. 

CARIOUS 

TEETH 

MEAN* 

D.G.L. 

MEAN 

FOR 

12,  14 

NO.  COIX)NIES/C.C.  SALIVA  X  103 

AGE  PERIODS  SHOWN  IN  WEEKS 

1  16,  18,  20  1  22,  24,  26  1  12-26 

R 

4 

3.25 

2.25 

24 

44  220 

93 

RL 

5 

2.00 

1.50 

270 

130  35 

130 

C 

6 

4.16 

7.16 

7.000 

390  1,300 

2,400 

CL 

5 

2.80 

4.60 

5.800 

510  1,300 

2,200 

♦D.G.L. — The  degree  of  gross  loss  of  carious  tooth  structure. 


DISCUSSION 

The  fact  that  the  oral  lactobacilli  counts  of  either  C  or  CL  groups  (Tables 
I,  II,  and  III)  were  significantly  higher  than  either  R  or  RL  groups  confirms 
the  evidence**’  for  the  correlation  between  oral  intake  of  carbohydrates  and 
the  number  of  lactobacilli  in  the  saliva.  Glucose  in  the  diet  does  predispase 
conditions  for  promoting  growth  of  oral  lactobacilli.  The  fact  that  there  was 
no  statistical  difference  in  oral  lactobacilli  counts  between  C  and  CL  groups 
supports  the  evidence  of  others”’ who  were  unable  to  implant  lactobacilli  in  the 
mouths  of  either  human  beings  or  experimental  animals.  Evidently,  the  success¬ 
ful  implantation  of  bacteria  in  the  mouth  depends  greatly  upon  certain  environ¬ 
mental  factors  which  in  the  case  of  lactobacilli  is  strongly  influenced  by  the 
amount  of  glucose  present  in  saliva  and  other  undetermined  factors. 

The  fact  that  the  oral  lactobacilli  counts  of  RL  animals  (Tables  I  and  II) 
were  much  greater  than  those  of  R  animals  during  the  early  weeks  of  the  study 
does  present  evidence  for  the  first  time  that  the  number  of  oral  lactobacilli  can 
be  increased  by  oral  inoculation  when  the  conditions  necessary  for  the  growth 
of  the  organisms  are  optimum.  That  these  optimum  conditions  are  not  always 
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piH'Si'iil  ill  tlu>  inoutli  is  (U'nionst rated  liy  llu'  rad  that  tlie  oral  laetohaeilli  eounis 
of  the  HFj  animals  wmr  mudi  li'ss  than  those  of  the  IF  animals  dnrin«;  the  latti'r 
weeks  of  the  study. 

That  the  moan  oral  laetohaeilli  eounts  of  ('  and  dL  animals  (Table  J)  de- 
ereased  from  a  liigh  of  9,400  x  10  ‘  and  J),900  x  10  ‘  eolonies,  respeetively,  duriu}; 
the  first  week  of  observation  to  a  low  of  2,500  x  lO’  and  2,800  x  lO"*,  respee¬ 
tively,  during  the  last  week  of  observation  may  be  attributed  to  the  decreasing 
liercentage  of  glucose  consumed  by  the  animals  as  consumption  of  the  basal 
diet  increased.  The  animals  of  both  the  C  and  CL  groups  consumed  approxi¬ 
mately  5  Gm.  of  glucose  i)er  day  throughout  the  study.  The  basal  ration  was 
increased  from  5  Gm.  daily  at  the  beginning  of  the  study  to  approximately 
10  Gm.  daily  when  the  animals  became  16  weeks  of  age.  The  daily  consumii- 
tion  remained  constant  thereafter  until  the  end  of  the  experiment. 

The  fact  that  the  mean  oral  laetohaeilli  count  of  the  animal  in  the  K  group 
(Table  I)  continued  to  rise  from  a  low  of  22  x  10^  colonies  per  cubic  centimeter 
of  saliva  during  the  first  week  of  observation  to  a  high  of  250  x  10‘  during  the 
last  week  of  observation  seems  evident.  Numerous  investigators^’ 
have  correlated  caries  activity  with  increase  in  oral  laetohaeilli  counts. 

While  no  evidence  has  been  presented  for  permanently  implanting  lacto- 
bacilli  in  the  oral  cavit.v  of  animals,  under  certain  conditions  it  was  observed 
that  the  oral  laetohaeilli  population  of  the  RL  animals  (Table  I)  as  compared  to 
that  of  the  control  (R)  animals  continued  to  be  higher  for  18  to  20  hours  follow¬ 
ing  the  administration  of  such  a  suspension.  Also,  in  several  of  the  animals 
receiving  the  laetohaeilli  suspension,  a  marked  erosion  was  observed  which 
was  not  found  to  be  present  on  the  teeth  of  the  animals  in  the  control  group. 

The  fact  that  the  dental  caries  incidence  in  the  animals  (CL  and  RL 
groups)  receiving  the  oral  suspension  of  laetohaeilli  was  less  as  compared  to 
control  groups  (C  and  R)  suggests  that  the  laetohaeilli  may  compete  for  cer¬ 
tain  growth  requirements  which  are  equally  necessary  for  the  growth  of  other 
microorganisms  concerned  in  the  caries  process. 

The  fact  that  the  gross  loss  of  carious  tooth  structure  was  greater  in  the 
animals  receiving  the  glucose  (Table  V)  may  be  due  to  the  penetration  of  the 
carbohydrate  into  the  tooth  substance  which  would  thereby  provide  a  more 
suitable  medium  for  bacterial  growth.  Butt,^^  working  with  freshly  extracted 
teeth  and  C“  sucrose,  has  shown  a  diffuse  iienetration  of  the  enamel  by  the 
carbohydrate. 

The  significantly  higher  oral  laetohaeilli  counts  observed  in  the  animals  of 
the  C  group  compared  to  those  in  the  R  group  (Table  II  C.  R.  2.47),  and  likewise 
in  the  CL  group,  as  compared  to  the  RL  group  (Table  III  C.  R.  2.61)  are 
closely  correlated  with  the  greater  caries  incidence  and  greater  loss  of  carious 
tooth  structure  observed  in  the  C  and  CL  groups  as  compared  to  the  R  and 
RL  groups  (Table  IV),  These  findings  concur  with  evidence  presented  by 
other  investigations.^’ 
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The  observation  where  no  statistical  difference  existed  in  oral  lactobacilli 
counts  between  R  and  KL  groups  (Table  II  C.  R.  0.92)  and  between  and  CL 
frroups  (Table  III  C.  R.  0.01)  and  a  marked  difference  in  dental  caries  activity 
occurred  betw'een  each  of  the  groups  (Table  IV)  concurs  with  similar  findings 
presented  by  numerous  investigators.’*'  ’*’•  The  results  of  this  study  do 
indicate  why  there  exists  today  a  lack  of  agreement  among  investigators 
concerning  the  relationship  between  dental  caries  activity  and  the  number 
of  oral  lactobacilli  present  in  individuals.  With  respect  to  the  Syrian  hamster, 
which  practices  coprophagy,  it  does  api)ear  that  oral  lactobacilli  counts  can¬ 
not  be  considered  wholly  reliable  as  an  index  of  dental  caries  activity.  Such 
findings  are  in  agreement  with  those  of  Helman  and  Mitchell.'* 

CONCLUSION.S 

1.  Oral  lactobacilli  counts  of  the  animals  on  cariogenic  diets  (C  and  CL) 
were  significantly  higher  than  those  of  animals  on  regular  diets  (R  and  RL), 
on  a  basis  of  total  counts  made  for  the  entire  15  weeks  of  observation. 

2.  The  dental  caries  incidence  was  greater  in  the  animals  of  the  C  group  as 
compared  to  those  of  the  R  group  and  greater  in  those  of  the  CL  group  com¬ 
pared  to  RL  group  by  28  and  40  per  cent,  respectively.  Likewise,  comparing 
gross  lo.ss  of  carious  tooth  structure  between  C  and  R  groups  and  between 
CL  and  RL  groups,  the  animals  on  cariogenic  diet  showed  greater  tooth 
destruction  than  those  animals  on  the  regular  diet  by  218.2  and  206.6  per  cent, 
respectively. 

3.  Oral  lactobacilli  counts  were  not  significantly  different  between  animals 
in  the  C  and  CL  groups  throughout  the  entire  jieriod  under  observation, 
('ounts  were  .significantly  different  between  animals  in  R  and  RL  groups  for 
certain  periods  of  time  only.  On  a  basis  of  total  counts  made  during  the  entire 
.study  for  these  two  groups  no  statistical  difference  in  counts  between  R  and 
RL  animals  was  observed. 

4.  Dental  caries  incidence  and  gross  loss  of  carious  tooth  structure  was 
le.ss  in  RL  animals  as  compared  to  R  animals  by  .38.47  and  33.33  per  cent, 
res))ectively.  Dental  caries  incidence  and  gro.ss  loss  of  carious  tooth  structure 
was  less  in  CL  animals  as  compared  to  (’  animals  by  32.70  and  .35.76  per  cent, 
respectively. 

5.  AVhile  the  oral  lactobacilli  population  was  shown  to  be  closely  as.so- 
ciated  with  dental  caries  activity,  there  was  observed  no  absolute  correlation 
between  it  and  the  incidence  of  dental  caries  or  the  gross  loss  of  tooth  struc¬ 
ture. 

6.  AVhile  nu  evidence  has  been  presented  for  permanently  implanting 
lactobacilli  in  the  oral  cavity,  the  oral  administration  of  L.  acidoithUm  under 
certain  conditions  resulted  in  an  increase  in  the  t»ral  lactobacilli  po])ulation. 
Dental  erosion  was  observed  in  several  of  the  animals  which  received 
the  lactobacilli  orally.  Animals  not  receiving  the  lactobacilli  showed  no  such 
evidence. 
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AMMONIA  PRODUCTION  IN  SALIVA.  I 
J.  J.  KAE,  Ph.D.,  H.  M.  SHEMILT,  B.A.,  AND  C.  T.  CLEGG,  PuM.lt. 

Chemistry  Department,  University  of  Toronto,  Toronto,  Ontario 

IN  A  previous  paper,’  wc  reported  on  the  presence  of  an  ammonia-produein«r 
mechanism  in  saliva  which,  on  incubation  of  the  saliva  for  24  hours  at  37°  C., 
produced  5  to  10  times  the  amount  of  ammonia  orifrinally  present.  The  addition 
of  glucose  (2.5  per  cent  final  concentration)  to  the  incubating  mixture  inhibited 
ammonia  production.  The  addition  of  urea  (1.5  per  cent  final  concentration) 
enhanced  ammonia  production,  showing  the  presence  of  an  active  urease  in  saliva. 
The  addition  of  Imth  glucose  and  urea  stimulated  the  production  of  ammonia 
beyond  the  amount  produced  when  urea  alone  was  added. 

In  a  second  paper, ^  it  was  shown  that  there  was  no  relationship  between  the 
activity  of  the  ammonia-producing  mechanism  and  caries  activity  as  measured  by 
laetobaeillus  counts.  The  urease  activity  of  the  salivas  studied  also  showed  no 
relationship  to  caries  activity.  The  stimulating  effect  of  glucose  upon  ammonia 
production  in  the  presence  of  urea  was  observed  in  all  the  salivas  studied. 

In  an  attempt  to  shed  further  light  on  the  mechanism  of  glucose  inhibition 
of  ammonia  production,  on  the  one  hand,  and  glucose  stimulation  of  ammonia 
production  in  the  presence  of  urea,  on  the  other,  the  following  experiments  were 
performed. 

EXPERIMENTAL 

1.  The  relationship  between  pH  and  ammonia  production  in  saliva  is  shown 
in  Table  I.  The  Folin-BelU  method  was  used  to  determine  ammonia.  A  veronal- 
acetate  buffer  was  used  to  control  the  pH. 


Table  I 

The  Reiationship  Betwee.n  pH  and  Ammonia  Production  in  Saliva 


TUBE  NO. 

pH  1 

AMMONIA  CONTENT 
(MG.  %) 

AT  START 

1 

AT  24  HR. 

1 

4.42 

4.60 

10.9 

2 

5.50 

5.79 

14.3 

3 

6.62 

6.81 

31.4 

4 

7.98 

7.92 

22.5 

5 

8.46 

8.42 

9.5 

These  results  indicate  that  the  optimum  ))1I  rangi*  for  ammonia  ju-oduction 
is  6.5  to  7.0. 

2.  The  inhihitorij  effect  of  ylucose  on  ammonia  production  might  be  due  to 
the  fact  that  the  added  glucose  forms  a  substrate  for  acid-producing  bacteria. 

This  research  was  assisted  by  a  grant  from  tlie  .\.s.«i(x’iate  Committee  on  Dental  Kesearcli 
National  Research  Council,  Ottawa. 

Received  for  publication  May  17,  1954. 
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whifh  would  produvv  Jicid  and  thus  lower  the  pi  I  Im'Iow  the  optiinuiu  for  aininouia 
produet  ion.  To  lest  this  theory,  a  series  of  buft‘ere<l  tubes  (pi  I  7.0)  were  iu- 
eubated  with  and  without  frlueosi*.  The  results  obtained  are  shown  in  Table  II. 


Tabi.k  ^I 

Tin;  ErKKtT  ok  Ci.i  «’osk  o.v  Ammo.nia  PRom  crioN  by  Sai.iva  Ui'kkkkkd  at  7.0 


TUBE  NO. 

GLUCOSE 
(ML.  20%) 

SALIVA 

(ML.) 

pH  AFTER 

18  HR. 

NH,  CONTEXT 
(MG.  %) 

1 

I 

2 

6.70 

None 

2 

0 

2 

7.00 

16.0 

ii 

1 

o 

6.75 

Trace 

4 

0 

2 

7.00 

17.5 

Since  glucose  inhibited  ammonia  production  even  when  the  tubes  were 
buffered  at  pH  7.0,  the  lowering  of  the  pH  is  not  the  only  factor  in  the  inhibition 
of  ammonia  production  by  glucose.  The  buffer  used  in  these  experiments  was 
found  to  have  a  slight  inhibitory  effect  on  ammonia  production,  which  accounts 
for  the  somewhat  lower  ammonia  values  in  this  experiment. 

3.  The  stimiilatmg  effect  of  glucose  on  ammonia  production  by  saliva-urea 
mixtures  could  be  simply  a  pH  effect.  The  acid  production  by  bacterial  enzymes 
acting  on  the  glucose  eoidd  keep  the  pH  at  the  optimum  for  ammonia  production 
(7.0)  for  a  longer  time,  thus  producing  more  ammonia. 

To  shed  light  on  this  (pie-stion,  the  ammonia  production  with  or  without 
added  glucose  by  buffered  urea-saliva  solutions  was  observed.  The  results  are 
shown  in  Table  III. 


Tabi,e  hi 

The  Effect  of  Gutcose  ox  Ammonia  Production  By  Urea-Saliva  Mixtures  Buffered  at 

pH  7.0 


TUBE  NO. 

SALIVA 

(ML.) 

UREA 

(ML.  20%) 

GLUCOSE 
(ML.  20%) 

pH 

AFTER  18  HR. 

NH,  CONTENT 
AFTER  18  HR. 

1 

2 

1 

1 

7.20 

92.5 

2 

2 

1 

0 

7.70 

85.0 

3 

2 

1 

1 

7.25 

92.5 

4 

2 

1 

0 

7.75 

87.0 

These  results  indicate  that  the  stimulating  effect  of  glucose  could  be 
attributed  to  acid  keeping  the  pH  near  the  optimum  for  ammonia  production. 
Olucose  in  buffered  solutions  showed  no  stimulating  effect  on  ammonia  produc¬ 
tion. 

DISCUSSION  AND  CONCLirSIONS 

A  certain  amount  of  di.sagreement  seems  to  exist  in  the  literature  as  to 
whether  ammonia  in  saliva  is  related  to  dental  caries.  Saliva  contains  bacterial 
enzyme  systems  capable  of  producing  acid  which  could  decalcify  enamel,  and 
other  bacterial  enzyme  systems  capable  of  producing  ammonia.  Our  work  has 
shown  that  the  addition  of  glucose  to  saliva  inhibits  ammonia  production  and 
that  this  inhibition  is  not  altogether  attributable  to  the  acid  produced,  lowering 
the  pH  beyond  the  limit  for  ammonia  production,  (ilucose  per  se  in  buffered 
solutions  inhibits  ammonia  production. 
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(Jlucose,  when  added  to  urea-saliva  mixtures,  enhances  ammonia  production, 
and  in  this  case  pH  seems  to  be  a  decisive  factor.  In  buffered  solutions  (pll  7.0), 
the  stimulating  effect  of  glucose  on  ammonia  production  is  no  longer  observed. 
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THE  EFFECTS  OF  CASTKATION,  SEX  IIOKHONES,  AND 
DESALIVATIOX  ON  DENTAL  CARIES  IN  THE  RAT 

DAVID  BIXLER,  JOSEPH  C.  MUHLER,  AND  WILLIAM  G.  SHAFER 

Indiana  University,  Departments  of  Zoology  and  Chemistry,  Bloomington,  Ind.,  and  School  of 

Dentistry,  Indianapolis,  Ind. 

INITIAL  experiments  in  these  laboratories  have  indicated  that  desalivation  in 
the  immature  rat  resulted  in  additional  unexplained  biologic  changes,  other 
than  an  increase  in  caries.^'^  Notable  among  these  were  changes  in  the  adrenal 
glands,  testes,  and  uterus,^  and  an  apparent  altered  skeletal  fluorine  storage/ 
Food  consumption,  however,  in  desalivated  animals  is  an  important  considera¬ 
tion  in  the  estimation  of  the  amount  of  fluorine  stored  in  the  skeleton/  The 
relationship  between  the  salivary  glands  and  the  endocrines,  and  between 
dental  caries  and  the  endocrines,  is  not  well  defined.  Since  castration  results 
in  characteristic  changes  in  the  salivary  glands,  and  concomitant  reductions  in 
dental  caries  are  found  in  male  rats,  it  appears  that  some  relationship  between 
the  gonads,  the  salivary  tissues,  and  the  incidence  of  dental  caries  in  the  rat 
exists.  The  most  striking  change  in  the  salivary  gland,  following  castration, 
is  in  the  size  and  number  of  the  granular  tubules  of  the  submaxillary  ghand,”  * 
but  w’hether  or  not  this  represents  an  altered  salivary  function  is  not  yet  clear. 

In  addition,  castration  produced  changes  in  the  rat  adrenal  gland,”  and 
the  removal  of  the  salivary  glands  produced  alterations  in  the  zona  glomerulosa 
of  the  adrenal  gland,  as  well  as  some  weight  changes.®  Although  these  weight 
changes  were  subsequently  shown  to  depend  primarily  upon  the  nutritional 
status  of  the  desalivated  animals,  the  testicular  and  uterine  weight  alterations 
w^ere  not  completely  explained  on  this  basis.  The  purpose  of  this  report  then 
is  twofold:  first,  to  present  data  concerning  the  effect  of  sex  hormones  on 
dental  caries  and  fluorine  storage  and  to  extend  the  previous  work  over  the 
effects  of  castration  and  desalivation  on  dental  caries  and  fluorine  storage ;  and 
second,  to  report  the  results  of  a  sham  desalivation  operation  on  dental  caries, 
food  consumption,  the  endocrine  organs,  and  fluorine  storage,  as  well  as  t») 
consider  body  and  organ  w’eight  relation.ships  in  desalivated  and  unoperated 
animals, 

EXPERIMENTAL 

Apjiroximately  100  w’eanling  Sprague-Dawley  strain  rats  were  divided 
ecpially  as  to  sex  and  weight  into  0  experimental  groups  and  designated  as 
Series  I.  One  grouj)  Was  desalivated  by  a  procedure  already  reported,*  an¬ 
other  was  sham-desalivated,  and  the  third  group  was  lumperated  and  served 
as  controls.  The  animals  received  our  cariogenic  iliet  at  OO  days  of  age.^  The 
duration  of  the  experiment  was  140  days,  during  w  hich  time  all  of  the  animals 

This  investl'iation  was  supportej  in  oart  l>y  tiie  MeJicai  Research  anti  IX*veiopiuent  Boarti. 
Offlee  of  the  Surgeon  General,  Department  of  the  -Army,  iinti<>r  contract  No.  D.\-49-007-ArD-3:t2. 
Receiveti  for  piibilcation  May  22,  1954. 
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had  tap  distilled  water  and  diet  available  ad  libitum.  They  were  housed  in 
raised-screen  cages  in  a  temperature-controlled  room.  At  the  termination  of 
the  experimental  period,  they  were  sacrificed  by  ether  inhalation,  the  heads 
removed  for  dental  caries  evaluation,  and  the  femure  removed  for  calcium, 
phosphorus,  and  fiuorine  analysis.  The  adrenals,  uterus,  and  testis  were 
weighed  on  an  analytic  balance  and  fixed  in  Bouin’s  picric  acid  fixative  for 
histologic  examination.  The  thyroid,  pituitary,  and  salivary  glands  were  also 
fixed  for  histologic  study.  The  daily  food  consumption  was  measured  in  order 
to  evaluate  the  organ  weight  changes  and  fiuorine  storage  in  relation  to  the 
amount  of  food  ingested.  Twice  each  week,  the  food  which  had  spilled  was 
collected,  weighed,  and  allowed  for  in  calculating  the  animal’s  daily  food 
consumption.  Water  consumption  was  also  measured  each  day. 

Series  II  was  composed  of  approximately  140  weanling  rats  divided  into 
5  experimental  groups.  Group  I  was  castrated  at  30  days  of  age,  while  Group 
II  was  castrated  at  60  days  of  age.  Group  III  was  both  castrated  and  de- 
salivated  at  30  days  of  age,  and  a  fourth  group  was  operated  identically  to 
Group  III  but,  in  addition,  received  the  respective  androgenic  or  estrogenic 
supplements.  The  males  had  intramuscular  injections  every  other  day  of  400 
fig  of  testosterone  propionate,*  and  the  females  received  200  fig  of  estradiol 
dipropionate t  subcutaneously,  every  fourth  day.  Group  V  was  unoperated 
and  served  as  a  control.  After  140  days,  the  animals  were  .sacrificed  by  ether 
inhalation  and  the  various  organs,  heads,  and  femurs  removed  and  analyzed 
as  previously  described. 

DATA  AND  DISCUSSION 

Table  I  indicates  the  weight  gains  and  daily  food  and  water  consumption, 
as  well  as  the  dental  caries  experience  and  fluorine  storage  in  the  Series  I 
animals.  The  desalivated  rats  failed  to  gain  as  much  weight  as  the  control  or 
sham-operated  animals.  Dale®  and  Shaw  and  Weisberger®  also  have  reported 
this  finding.  An  examination  of  the  daily  amounts  of  food  consumed  by  these 
animals  suggests  that  this  failure  to  gain  weight  is  attributable  to  a  decreased 
food  intake.  This,  however,  is  not  the  complete  answer  since  the  desalivated 
females  ate  more  food  than  the  sham-operated  females  and  still  failed  to  gain 
as  much  weight.  The  water  consumption  data  are  also  interesting  in  that  the 
desalivated  animals  drank  considerably  less  water,  as  compared  to  the  control 
animals.  The  reason  for  this  lowered  water  intake  is  not  yet  clear,  but  it 
appears  to  be  correlated  in  some  manner  to  the  decreased  food  consumption. 

Desalivation  also  resulted  in  a  pronounced  increase  in  dental  caries  which 
is  in  accord  with  previous  findings.*’  Although  the  sham-operated  males 
had  a  slightly  lower  caries  score  than  their  controls,  this  reduction  was  not 
significant.  Both  the  desalivated  males  and  females  stored  less  fluorine  than 
the  respective  control  animals.  These  results  are  in  accord  with  previous 
findings,*’  but  this  is  most  likely  attributable  to  the  lower  food  consumption 
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in  the  operated  animals,  since  paired-feeding  techniques  have  indicated  that 
there  is  very  little  difference  in  fluorine  storage  in  desalivated  and  control 
animals  when  they  ingest  equal  amounts  of  food.^ 

The  dental  caries  and  fluorine  storage  data  from  the  Series  II  animals  are 
found  in  Table  II.  Castration  at  30  days  of  age  resulted  in  a  significant  re¬ 
duction  in  caries  in  the  males,  while  castration  at  60  days  produced  no 
statistically  significant  effect  in  either  sex.  This  result  serves  to  emphasize 
the  fact  that  the  age  of  the  animal  at  the  time  of  operation  is  an  important 
factor,  and  one  which  may  explain  the  somewhat  variable  caries  response  in 
the  ovariectomized  rat.^’  However,  it  has  been  shown  that  the  age  at  which 
the  animal  is  placed  on  the  cariogenic  diet  is  also  an  important  variable.'^ 

In  those  rats  which  were  both  castrated  and  desalivated,  there  was  an  in¬ 
crease  in  caries  which  was  in  accord  with  previous  results.^  Nevertheless,  by 
comparing  the  percentage  of  increase  in  dental  caries  of  these  animals  to  that 
of  the  desalivated  animals  in  Table  I,  it  is  apparent  that  castration  still  main¬ 
tained  some  effectiveness  in  reducing  the  caries,  incidence  in  desalivated  ani¬ 
mals.  Apparently,  the  caries-reducing  effect  afforded  by  castration  was  not 
completely  eliminated  by  the  removal  of  salivary  tissue.  The  antithesis  of  this 
reasoning  was  confirmed  by  the  much  higher  caries  incidence  in  the  castrated 
and  desalivated  animals  receiving  hormone  supi)lements. 

In  Table  III,  the  organ  weights  of  both  series  of  animals  are  presented. 
Testis  and  uterine  weight  changes  w'ere  manifested  again  in  the  desalivated 
animals,  and  the  decrease  in  testis  weight  in  the  desalivate  male  was  significant 
at  the  1  per  cent  level  of  confidence.  In  previous  experiments  from  this 


Table  III 

The  Efeect  ok  Castration,  Uesalivation,  and  Sex  Hormones  on  the  Adrenal,  Uteri’s, 
AND  Testis  Weioht.  Series  1  and  IT 


SEX 

ADRENAL 

WEIGHT 
(MG./lOO  GM. 
BODY  WT.) 

UTERUS  1 

WEIGHT 
(MG./lOO  GM. 
BODY  WT.) 

TESTIS 

WEIGHT 
(MG./lOO  GM. 
BODY  WT.  I 

Series  I 

Control 

M 

13.3  ±  2.8* 

_ 

— 

F 

25.7  ±  3.4 

183.9  ±  37.4 

— 

Castrated  at  .‘10  days 

M 

15.7  ±  1.8 

— 

— 

F 

18.6  ±  2.6 

1  + 

— 

Castrated  and  desalivated 

M 

17.5  ±  3.2 

— 

— 

F 

20.7  ±  3.1 

13.3  ±  1.8 

— 

Castrated  and  desalivated  + 

M 

15.0  ±  2.7 

— 

— 

testosterone 

Castrated  and  desalivated  + 

F 

33.0  ±  5.8 

207.5  ±  30.7 

— 

estradiol 

Castrated  at  60  days 

M 

16.1  ±  2.5 

— 

— 

F 

18.2  ±  2.2 

20.7  ±  2.S 

— 

Series  II 

Control 

M 

10.8  ±  2.4 

— 

784.1  ±  151 

F 

19.6  ±  2.3 

143.6  ±  :i5.2 

— 

Sliain-o|M*  rates! 

M 

10.8  ±  2.8 

— 

766.0  ±  116 

F 

19.3  ±  2.8 

138.9  ±  .‘{8.6 

— 

Desalivated 

M 

11.2  ±  1.9 

— 

707.0  ±  148 

F 

21.4  ±  3.4 

167.2  t  .58.1 

— 

•Stanilard  ileviation. 
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laboratory,  there  has  been  found  both  a  significant  increase  and  decrease  in 
the  testis  weight  of  desalivated  animals.  Since  the  testis  weight  response  to 
desalivation  has  been  so  variable,  these  results  would  seem  to  indicate  that 
nutritional  factors  are  involved,  rather  than  some  specific  hormonal  imbalance. 

Desalivation  resulted  in  an  increased  uterine  weight,  which  also  has  been 
found  i)reviously,  but  the  weight  variation  in  this  group  makes  the  difference 
of  doubtful  significance.  No  significant  changes  in  the  adrenal  weights  of  the 
desalivated  animals  were  observed.  However,  castration  re.snlted  in  an  in¬ 
creased  adrenal  weight  in  the  male  and  a  decreased  adrenal  weight  in  the 
female,  which  confirms  the  previous  observations  of  other  investigators.®  It  is 
interesting  to  note  that  castration  at  either  30  or  60  days  of  age  produced 
adrenal  changes  of  similar  magnitude  in  both  the  males  and  females.  In  the 
animals  receiving  hormone  supplements,  testosterone  injections  resulted  in  a 
reduced  adrenal  weight,  whereas  the  administration  of  estradiol  increased  it 
quite  markedly.  This  result  is  in  accord  with  the  observations  of  Ito^®  and 
Kennels.'® 

SUM. MARY 

Orchiectomy  at  30  days  of  age  resulted  in  a  .significant  reduction  in  dental 
caries,  while  ovariectomy  at  this  age  produced  only  a  tendency  toward  re¬ 
duction.  Castration  at  60  days  of  age  had  no  significant  effect  on  dental  caries 
in  either  sex.  In  the  animals  which  were  both  castrated  and  desalivated, 
gonadectomy  was  still  effective  in  reducing  the  incidence  of  dental  decay. 
Hormone  injections  into  these  animals  resulted  in  a  dental  caries  score  of 
approximately  the  same  magnitude  as  that  found  in  the  animals  which  were 
desalivated. 

Castration  resulted  in  an  increased  adrenal  weight  in  the  male  and  a  de¬ 
creased  adrenal  weight  in  the  female,  while  desalivation  had  no  significant 
effect.  Desalivation  resulted  in  a  significant  decrease  in  testis  weight,  while 
the  effect  on  the  weight  of  the  uterus  was  of  doubtful  significance. 
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FLUORINE  STORAGE  IN  RATS  RECEIVING  DIFFERENT  FLUORIDES 
IN  THE  DRINKING  WATER  AT  VARYING  pH 

JOSEPH  C.  MUHLER  AND  DONOVAN  A.  WEDDLE 
WITH  THE  TECHNICAL  ASSISTANCE  OF  JAMES  O.  STEWART 

Department  of  Chemistry,  Indiana  University,  Bloomington,  Ind. 

Any  explanation  of  the  usefulness  of  fluorine  as  an  anticariogenie  a^ent 
should  account  for  the  ultimate  fate  of  fluorine  in  the  organism.  Previ¬ 
ous  work^'^  has  indicated  that  a  positive  correlation  between  fluoride  storage 
in  the  skeleton  and  the  incidence  of  dental  caries  is  not  tenable,  since  some 
fluorides  reduce  the  dental  caries  experience  more  than  others,  yet  store 
considerably  less  fluorine.  Several  factors  which  could  affect  the  metabolism 
of  the  element  may  account  for  this  apparent  discrepancy,  such  as  a  difference 
in  the  absorption  of  various  fluorides  by  the  gut,  the  effect  of  the  cation 
accompanying  the  fluorine,  solubility  of  tbe  fluoride,  or  the  pH  of  the  fluoridize<l 
drinking  water.  The  effect  of  fluorine  storage  in  the  skeleton  of  the  rat  in¬ 
gesting  fluoridized  water  solutions  ad  libitum  at  two  different  pH’s  has  been 
studied,^  and  these  data  indicate  that  the  storage  in  the  skeleton  is  independent 
of  pH.  However,  stannous  fluoride  was  more  effective  in  reducing  dental 
caries  in  the  rat,  yet  stored  considerably  less  fluorine  in  the  skeleton.  The 
decreased  fluorine  storage  could  be  due  to  the  ingestion  of  less  fluorine  by 
the  animals  and  not  related  to  differences  in  metabolic  availability  of  the 
compounds.  Obviously,  such  considerations  are  only  relative  to  fluorine 
storage  and  in  no  way  explain  one  fluoride’s  apparent  superiority  in  reducing 
dental  caries  over  others.  The  purpose  of  this  paper,  then,  is  to  study  the 
effects  of  3  different  fluorides  administered  to  rats  in  the  drinking  water  at 
different  pH’s  and  under  controlled  conditions  of  water  intake  on  fluorine 
storage  in  the  skeleton. 

Data  furnished  by  measuring  the  amount  of  fluorine  in  the  entire  skele¬ 
ton,  using  stomach-tube  techniques  in  which  the  rat  is  given  identical  amounts 
of  different  fluorides,  are  also  presented. 

EXPERIMEXT.VL 

Approximately  225  rats  of  the  Sprague-Dawley  strain  were  divided  into  4 
experimental  groups  and  placed  on  a  cariogenic  corn  diet®  when  30  days  old. 
Each  of  the  groups  receiving  fluoride  supplements  had  them  administered  in 
the  drinking  water  at  a  fluorine  concentration  of  20  pg  per  milliliter.  In 
addition,  each  of  the  fluoride  groups,  and  the  control  group  which  received 
no  added  fluorine,  had  their  drinking  water  adjusted  to  pH  2,  4,  and  6  by  the 
addition  of  either  sodium  hydroxide  or  hydrochloric  acid.  After  12  hours. 

This  work  was  supported  in  part  by  a  grant  from  the  Indiana  State  Board  of  Heaith, 
Indianapoiis,  Ind. 

Received  for  pubiication  April  26,  1954. 
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llu'  pll  oT  llu!  viiritms  solulions  wms  r«‘clM‘rk«‘<l.  The  values  never  vai'ie<l  over 
oiie-lialf  <»f  a  pif  unit.  All  fhe  4  experimental  frronps  bad  tbeii’  driid\in}r 
water  restricted  in  sneli  a  manner  as  to  assure  an  equal  «‘(msnmption  for  all. 
by  determiniiifr  which  {rnmp  «lrank  the  least  amount,  ami  ]>rovidintr  the  others 
an  identical  amount.  The  i>ll  2  stannous  chhn'otinoride  frroup  drank  the 
smallest  volume  each  day,  so  each  frroup  received  the  same  amount  of 
tluoridized  drinkiiifr  water  i)er  day  as  was  consumed  by  this  frroup.  In  every 
instance,  all  the  solutions  were  friveii  to  the  animals  at  the  same  time  each  day. 
All  animals  were  housed  in  metal  cafres  with  raised  screen  bottoms  in  a 
temperature-controlled  room.  After  the  ex])erimental  period  of  140  days,  the 
animals  were  sacrificed  by  ether  inhalation,  the  heads  were  removed  for  caries 
evaluation,"’  and  the  femurs  removed  for  fluorine  analysis.'* 

The  procedure  for  ashiiifr  whole  animals  for  carcass  analysis  was  as 
follows:  the  animal  was  saci’ificed  and  the  entire  skin  removed  in  order  to 
prevent  fluorine  contamination  from  external  sources;  the  femurs  were  analyzed 
for  fluorine;  the  remainder  of  the  carcass  was  jdaced  in  a  .‘>V^-inch  platinum 
dish  and  charred  over  a  meeker  burner;  the  charred  mass  was  transferred  to 
a  .3-inch  silica  dish  and  placed  in  the  muffle  furnace  at  .'i.lO®  to  600°  C.  for  6  to 
8  hours.  AVhen  the  ash  was  cooled,  it  was  weighed,  imlverized,  and  then 
mixed,  using  a  flattened  glass  rod.  A  sample  was  accurately  weighed  and 
placed  in  the  fluorine  stills  for  analysis.  An  attempt  was  made  to  determine 
the  amount  of  fluorine  lost  during  charring  by  drawing  the  fumes  from  the 
ashing  i)rocedures  through  a  water-cooled  condenser,  and  a  flask  containing 
a  solution  of  calcium  oxide  was  arranged  so  that  all  of  the  condensate  passed 
through  the  calcium  oxide.  The  contents  of  the  flask  were  then  dried  and 
analyzed  for  fluorine.  The  results  indicated  a  loss  of  approximately  1  per 
cent  of  the  total  fluorine  in  the  animal  carcass. 

DATA  AND  DISCUSSION 

The  dental  caries  experience  in  all  4  groups  was  affected  by  the  pH  of 
the  drinking  water.  In  each  instance,  the  animals  receiving  the  pH  2  fluori- 
dized  drinking  water  as  well  as  the  nonfluoride  control  pH  2  water  had  a 
higher  degree  of  protection  than  either  of  the  other  higher  pH  solutions 
(Table  I).  The  pronounced  caries  reduction  at  ])H  2  with  sodium  fluoride 
was  decisively  lost  when  the  jiH  of  the  fluoridized  drinking  water  was  in¬ 
creased  to  4  or  6.  Similar,  but  to  a  smaller  degree,  was  the  loss  in  effectiveness 
when  the  jiH  of  the  drinking  water  in  the  tin  fluoride  groups  was  increased 
to  4  or  6.  The  degree  of  tooth  destruction  in  the  various  groups  appeared  to 
indicate  that  all  the  fluoiide  groups  Inul  a  higher  degree  of  enamel  erosion 
than  the  nonfluoridized  control  groiq). 

The  actual  amount  of  dental  caries  in  every  jiH  2  grou])  was  difficult  to 
«letermine,  due  jirimarily  to  the  fact  that  the  pronounced  erosion  affected  the 
observation  of  the  normally  observed  caries  pattern  to  the  extent  that  in¬ 
cipient  caries  had  a  decidedly  different  appearance  than  in  the  higher  ])H 
groups,  or  in  those  animals  of  i»revious  studies.  The  apparent  caries  reduction 
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ill  the  low  pJl  control  fyroup  is  interestinf;.  In  most  instances,  it  was  the 
animals  receiving;  the  fluoridized  drinkiiiff  water  which  jiresented  the  most 
difficulty  in  determining  the  presence  of  a  small  lesion.  These  facts  may  ex¬ 
plain  the  observation  (Table  I)  that  sodium  fluoride  was  more  effective  than 
stannous  fluoride  at  pH  2,  since  previous  work  has  always  indicated  the 
opposite  effect,  regardless  of  the  pH  of  the  solution.^’  ®  At  the  higher  pH 
values,  both  stannous  fluoride  and  stannous  chlorofluoride  were  about  50  per 
cent  more  effective  than  sodium  fluoride  at  the  same  pH  in  reducing  the 
caries  experience.  These  observations  corroborate  ])revious  in  vitro  data®’  ^ 
and  in  vivo  data,*'®’  *  as  well  as  clinical  dental  caries  studies  in  children.®’  ® 
The  low  pH  sodium  fluoride  group  seemed  to  have  the  greatest  degree  of 
erosion,  the  stannous  chlorofluoride  group  less  than  the  .stannous  fluoride,  and 
the  W’ater  control  at  jiH  2  the  least  destruction.  Furthermore,  almost  80  to 
!)0  per  cent  of  the  enamel  erosion  occurred  in  the  mandibular  teeth. 


Tabi.k  I 


GRorr 

Nl’MBER  OK 

LESION'S 

PER  CENT 

REDl'CTIOX 

.VI’MBER  OK 

LESION'S 

PER  CENT 

REDl'CTIOX 

Sodium 

1.9 

6.3 

1.9 

63 

fluoride 

6.1 

10 

6.1 

10 

6.2 

11 

6.2 

— 

Stannous 

2.0 

51 

2.5 

51 

fluoride 

4.9 

28 

4.9 

28 

5.6 

20 

5.6 

6 

Stannous 

2.4 

53 

2.4 

53 

eldorofluoridi" 

6.0 

32 

4.4 

35 

4.7 

28 

4.7 

•>•> 

Distilled 

5.1 

_ 

5.1 

_ 

water 

6.8 

— 

6.8 

— 

6.0 

— 

6.0 

— 

The  effect  of  the  various  pH  drinking  water  solutions  on  fluorine  storage 
in  the  skeleton  is  important  in  light  of  previously  ])ublished  data.*'^  In  all 
previous  studies,  it  has  been  found  that  when  sodium  fluoride  and  stannous 
fluoride  are  fed  under  identical  fluorine  concentrations,  less  fluorine  is  stored 
in  the  skeleton  by  stannous  fluoride  than  with  sodium  fluoride.  Similarly, 
stannous  fluoride  is  less  effective  in  bleaching  the  incisors  of  rats  or  in  causing 
mottled  enamel  than  sodium  fluoride.’®  However,  the  data  from  these  studies 
indicate  (Table  I)  that  stannous  fluoride  and  sodium  fluoiide  store  almost 
identical  amounts  of  fluorine  in  the  skeleton.  Since  in  this  study  all  the 
various  groups  ingested  essentially  the  same  quantity  of  fluoridizetl  drinking 
water,  it  seems  reasonable  that  they  should  store,  similar  amounts  of  fluorine 
provided  both  are  equally  absorbed  from  the  gut.  The  now  apparent  reason 
for  previous  studies  failing  to  demonstrate  this  may  be  that  since  the  stannous 
fluoride  drinking  water  solutions  are  always  more  acidic  than  corresponding 
sodium  fluoride  solutions,  the  animals  on  tin  compounds  could  have  ingested 
less  fluorine.  However,  a.ssuming  that  previous  .stannous  fluoride  groups 
drank  less  fluoridized  water  than  similar  groujis  receiving  an  identical  con- 
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centratioii  of  sodium  fluoride,  yet  produced  a  caries  reduction  considerably 
g:reater  than  animals  receivinpj  sodium  fluoride,  it  would  indicate  that  if  the 
total  amounts  consumed  had  been  similar,  the  stannous  fluoride  animals  mig:ht 
have  shown  an  even  greater  caries  reduction  as  compared  to  sodium  fluoride. 
An  explanation  for  the  apparent  difference  in  storage  of  fluorine  in  the 
stannous  chlorofluoride  grouii  is  not  possible  at  this  time. 


Table  II 

Amount  of  Fluorine  Stored  by  Different  Fluorides  in  the  Femur  and  Entire  Body  of 
THE  Rat  After  Receiving  2.0  mg.  of  Fluorine  per  Day  for  14  Days  by  Stomach  Tube 


FLUORIDE 

F  CONC. 

(/IG/GM.) 

TOTAL  F 
(MG.) 

TOTAL  BODY 
(MG.) 

PER  CENT 

F  STORED  OF 

TOTAL 

INGESTED 

FEMUR  1 

BODY 

FEMUR  1 

BODY 

NaF 

2,714 

2,244 

0.532 

12.78 

13.84 

53 

Na^POsF* 

2,118 

0.572 

11.50 

12.65 

47 

SnCIF 

2,176 

2,117 

0.454 

12.65 

13.56 

51 

SnF, 

2.8.36 

2.018 

0.540 

11.28 

12..36 

46 

•This  was  kindly  made  available  to  us  by  Dr.  Wayne  White  of  the  Ozark-Mahoning  Co 


Table  II  indicates  the  amount  of  fluorine  stored  in  the  entire  rat  carcass 
after  receiving,  by  stomach  tube,  2.0  mg.  of  the  different  fluorides  per  day  for 
14  days.  All  fluorides  were  made  to  identical  concentrations.  Analytic 
analysis  indicated  all  solutions  contained  1,000  ±  2.0  ^ag  F  per  milliliter.  By 
use  of  the  stomach  tube  technique,  exactly  2.0  ml.  of  the  respective  fluoride 
stock  solutions  was  given  to  the  rats.  A  total  of  4  rats  w^as  used  for  each  of 
the  4  different  fluorides.  The  fluoride  supplement  was  given  at  the  same  time 
and  under  identical  conditions  each  day.  Special  considerations  w^ere  given 
as  to  the  feeding  habits  of  the  animals  such  that  the  fluoride  was  always 
administered  w'hen  the  stomach  was  empty. 

The  data  clearly  indicate  that  when  identical  quantities  of  fluorine  are 
given  to  the  rat  similar  amounts  are  found  in  the  skeleton.  However,  there 
appears  to  be  somewhat  less  total  fluorine  in  the  rat  carcass  of  those  animals 
receiving  either  the  sodium  monofluorophosphate  or  stannous  fluoride.  When 
the  total  amount  of  fluorine  ingested  in  the  drinking  water  (F  =  0.1  ppm)  and 
diet  (F  =  0.3  ppm)  is  added  to  the  total  amount  administered  by  stomach 
tube  and  the  percentage  stored  to  percentage  ingested,  calculated  from  these 
data,  it  is  interesting  to  note  again  that  it  is  the  monofluorophosphate  and  the 
stannous  fluoride  groups  in  which  the  least  amount  of  fluorine  is  absorbed. 
Further,  it  is  important  to  note  that  only  approximately  one-half  of  the  total 
amount  of  ingested  fluorine  is  retained  by  the  rat,  the  balance  being  excreted 
by  the  urine  or  other  routes,  or  is  not  absorbed  from  the  gut. 

SUMMARY 

The  pH  of  fluoridized  drinking  water  determines  to  a  major  degree  the 
effectivene.ss  of  stannous  fluoride  or  stannous  chlorofluoride  in  reducing  the 
incidence  of  dental  caries  in  the  rat.  As  the  pH  is  increased  from  2  to  4,  the 
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effectiveness  is  decreased  by  approximately  50  per  cent.  Stannous  ehloro- 
fluoride  appears  superior  to  both  stannous  fluoride  and  sodium  fluoride,  even 
at  higher  pH  values. 

When  identical  amounts  of  fluorine  were  given,  similar  aniounts  of  fluorine 
were  stored  in  the  femurs.  In  rats  given  fluorine  by  means  of  a  stomach 
tube,  only  one-half  the  ingested  fluoride  was  stored  in  the  carcass.  Stannous 
fluoride  and  sodium  monofluorophosphate  appeared  to  cause  the  storage  of 
less  fluorine  than  stannous  ehlorofluoride  or  sodium  fluoride,  when  the  com¬ 
pounds  were  given  by  stomach  tube  in  aqueous  solution. 
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:\1ETAB0L1SM  OF  SMALL  CONCENTRATIONS  OP  FLUORINE 
IN  THE  ALBINO  RAT 
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IT  HAS  been  repeatedly  demonstrated  that  bones  and  teetli  have  an  affinity  for 
fluorine.  Its  storage  in  the  skeleton  is  suspected  to  be  due  to  the  replacement 
or  exchange  of  fluorine  for  hydroxyl  or  bicarbonate  groups  in  the  apatite 
structure,  but  as  yet  there  is  not  complete  agreement  among  investigators  re¬ 
garding  this  mechanism.  Nonetheless,  fluorine  accumulates  in  the  skeleton 
whether  present  in  the  food  or  water,  the  final  amount  stored  from  the  2  sources 
differing  only  in  degree.  This  is  im]mrtant  since  accumulation  of  fluorine  may 
result  in  adver.se  effects  if  the  level  in  the  diet  or  water  becomes  excessive.  Such 
factors  as  age,  previous  exposure,  the  chemical  nature  of  the  fluoride  compound, 
the  presence  or  absence  of  vai-ious  inorganic  ions,  the  climate  in  which  one 
lives,  and  the  over-all  nutrition  of  those  ingesting  the  fluoride  supplement  are 
a  few  of  the  variables  which  must  be  considered  before  any  definite  conclusions 
may  be  made  regarding  its  pharmacologic  or  toxicologic  effects. 

Various  attempts  have  been  made  previously  to  determine  the  metabolic 
turnover  of  fluorine  in  the  rat  as  an  insight  into  the  metabolism  of  fluorine  by 
the  human  being.  The  experiments  of  Zipkin  and  McClure,^  Savachuck  and 
Armstrong,^  Miller  and  Phillips,®  and  Glock,  Lowater,  and  Murray^  were  con¬ 
ducted  by  administering  fluoride  to  the  animals  in  concentrations  ranging  from 
20  to  450  ppm  P  for  periods  ranging  from  6  to  40  weeks.  After  withdrawal  of 
the  fluorine  supplement  from  the  diet,  the  animals  w'ere  sacrificed  at  various 
intervals  and  fluorine  analysis  performed  on  the  femurs,  humeri,  or  other  parts 
of  the  skeletal  system  in  order  to  evaluate  the  amount  of  fluorine  stored  in  the 
animal.  Although  this  method  has  furnished  information  concerning  the  turn¬ 
over  of  fluorine  in  the  skeleton,  it  w'ould  seem  more  desirable  to  study  the 
metabolism  of  fluorine  by  the  entire  rat.  Furthermore,  a  knowdedge  of  the 
amount  of  fluorine  found  in  the  feces  and  excreted  in  the  urine  is  neces.sary 
before  it  is  i)o.ssible  to  ascertain  the  degree  of  availability  and  storage  rates  of 
fluorine  in  various  compounds  when  present  in  the  food  and  drinking  water 
under  different  conditions.  The  purpose  of  this  paper,  then,  is  to  present  pre¬ 
liminary  data  concerning  the  techniques  of  estimating  the  metabolism  of  small 
concentrations  of  fluorine  in  the  rat  by  determining  the  amount  of  fluorine 
found  in  the  feces,  excreted  in  the  urine,  and  stored  in  the  entire  rat  after  the 
administration  of  known  amounts  of  sodium  fluoride.  The  effect  on  fluorine 
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inetaholisni  was  also  studied  in  rats  which  liad  ha<l  previous  exposure  to  fluorine, 
in  an  attenii>t  to  determine  whether  less  fluorine  is  stored  in  the  skeleton  if  the 
rat  has  previously  invested  moderate  levels  of  fluorine. 

PROCEDURE 

All  animals  used  in  these  studies  were  housed  in  individual,  round,  stain¬ 
less  steel  cages,  approximately  7Y2  inches  in  diameter,  having  a  2-mesh  stainless 
steel  floor.  The  food  cup  was  securely  attached  to  a  2-inch  stainless  steel  tube 
approximately  5  inches  long  with  a  baffle  so  placed  as  to  minimize  spillage, 
while  allowing  the  animal  free  access  to  the  food.  The  diet  was  weighed  into 
the  food  cup  and  reweighed  at  the  end  of  each  3-day  period  to  determine  the 
amount  of  food  ingested.  A  measured  amount  of  drinking  water  was  placed 
in  a  50  ml.  graduated  cylinder  which  had  the  upper  portion  removed  below 
the  pouring  spout  in  order  to  allow  the  use  of  a  rubber  stopper  for  attaching 
the  drinking  tube.  The  drinking  tube  was  placed  over  a  thistle  tube  attached 
to  a  covered  beaker  in  order  to  collect  any  spilled  water.  Any  water  collected 
in  the  beaker  was  measured  at  the  termination  of  each  24-hour  period  and 
allowed  for  in  estimating  the  total  water  consumption.  These  procedures 
allowed  for  fairly  accurate  estimations  of  the  amount  of  food  and  water  con¬ 
sumed  by  each  animal. 

The  cage  was  placed  over  a  round  Pyrex  dish  containing  2  8-inch  circles 
of  filter  paper.  At  the  end  of  each  3-day  period,  the  filter  papers  were  re¬ 
moved  and  replaced  with  new  papers.  The  feces  were  ])reviously  removed  from 
the  filter  paper  and  ashed  with  exactly  1.00  Gm.  of  low-fluorine  calcium  oxide.* 
The  urine,  absorbed  by  the  filter  paper,  was  prei>ared  for  fiuorine  analysis  in  a 
similar  manner.  The  ashed  samples  were  steam  distilled  at  135°  to  138°  C. 
from  perchloric  acid  and  silver  perchlorate.  The  distilled  samples  were  then 
titrated  with  thorium  nitrate,  using  alizarin  red  as  indicator,  similar  to  the 
method  described  by  Smith  and  Gardner.® 

The  blanks  for  the  calcium  oxide  and  filter  paper  plus  calcium  oxide  re¬ 
quired  1.37  and  3.17  ml.  thorium  nitrate,  respectively.  Known  amounts  of 
fiuorine  were  added  to  the  filter  paper,  ashed,  and  analyzed  by  this  procedure. 
The  average  deviation  from  the  known  amounts  of  fluorine  recovered  was 
±  2.0  fig  F.  The  average  deviation  for  5  determinations  when  10.0  /ig  F  was 
added  to  the  filter  papers  was  ±  0.6  fig  F.  This  approximates  the  accuracy  of 
the  method  itself  when  the  aqueous  fluoride  is  added  directly  to  the  still. 
Therefore,  it  was  concluded  that  this  method  was  satisfactory  for  the  determi¬ 
nation  of  fluorine  in  urine  absorbed  by  the  filter  paper.  A  preliminary  study 
of  12  animals  gave  satisfactory  results. 

Two  groups  of  albino  rats  of  the  Sprague-Dawley  strain  were  used  in 
these  experiments.  The  animals  in  Group  A  received  distilled  water  and  a 
stock  corn  diet  until  they  were  28  days  of  age.  The  animals  in  Group  B  re¬ 
ceived  the  same  stock  corn  diet,  but  their  drinking  water  contained  50  fig  F 
per  milliliter  (as  sodium  fluoride)  from  the  time  they  were  14  days  of  age 
until  they  were  28  days  old.  When  both  groups  were  28  days  old,  each  was 
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divided  into  2  additional  grroups.  One  half  of  each  original  group  received 
distilled  water  and  the  other  half  received  5  jitg  F  per  milliliter  as  sodium 
fluoride.  This  division  of  groups  now  resulted  in  4  groups  completing  the 
metabolism  studies.  One  was  designated  Group  A  (no  previous  added  fluorine), 
which  received  distilled  water,  and  a  second  Group  A',  which  received  5  fig 
F  per  milliliter.  The  third  was  Group  B  (50  jug  F  per  milliliter  for  14  days 
previous  to  the  metabolism  study),  which  received  distilled  water,  and  the 
fourth  was  Group  B'  which  received  5  ju,g  F  per  milliliter.  All  of  the  animals 
remained  on  this  regimen  for  80  additional  days.  The  stock  corn  diet  con¬ 
tained  0.56  fig  F  per  gram,  the  distilled  water  contained  0.06  jmg  F  per  milliliter, 
and  the  sodium  fluoride  solution  used  in  all  the  metabolism  studies  contained 
5.06  jug  F  per  milliliter.  All  fluorine  analyses  of  the  food  and  water  were 
obtained  by  repeated  chemical  analysis. 


Fig.  1. — Rate  of  storage  of  fluorine  by  animals  drinking  distilled  water. 


RESULTS  AND  DISCUSSION 

The  major  portion  of  the  results  of  these  experiments  is  represented 
graphically.  Fig.  1  represents  the  rate  of  fluorine  storage  by  the  two  groups 
of  animals  which  received  distilled  water  after  28  days  of  age.  The  Group 
A  animals  which  received  only  distilled  water  and  the  stock  com  diet  retained 
fluorine  at  the  more  or  less  constant  rate  of  1.5  ±  0.5  jug  F  per  day  per  100  grams 
body  weight.  This  accumulation  of  fluorine  in  the  skeleton  undoubtedly  re- 
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suited  from  the  small  amount  of  fluorine  in  the  diet  and  in  the  distilled  water. 
However,  the  Group  B  animals  which  had  previously  received  fluorine,  but 
which  were  placed  on  distilled  water  at  28  days  of  age,  showed  a  loss  of  fluorine 
during  the  first  3  to  4  weeks  of  the  metabolism  study.  After  about  40  days, 
they  began  to  retain  fluorine  at  about  the  same  rate  as  the  Group  A  (control) 
animals  (Fig.  6).  These  data  appear  to  indicate  that  the  fluorine  retained  by 
the  skeleton  is  not  permanently  fixed,  but  is  dynamic  to  the  extent  that  a  portion 
of  it  is  catabolically  removed  when  the  level  of  ingested  fluorine  is  decreased. 

Fig.  2  represents  the  rate  of  excretion  of  fluorine  in  the  urine  by  the  .same 
animals  represented  in  Fig.  1.  The  amount  of  fluorine  in  the  urine  of  the 


Fig.  2. — Rate  of  excretion  of  fluorine  in  urine  by  animais  which  received  distilied  water  during 

the  metabolism  study. 

Group  B  animals  is  extremely  high  at  the  beginning  of  the  experiment  and 
decreases  rapidly  at  first,  then  more  slowly  as  a  positive  fluorine  balance  is 
approached.  No  difference  between  these  2  groups  in  the  amount  of  fluorine 
excreted  in  the  feces  was  found.  These  urine  and  feces  data,  showing  excretion 
of  large  amounts  of  fluorine  in  the  urine  of  Group  B  animals  accompanied  by 
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no  increase  in  the  amount  of  fluorine  in  the  feces,  seem  to  indicate  that  the 
fluorine  found  in  the  feces  in  these  and  similar  animals  was  present  as  a  result 
of  nonabsorption,  and  thus  should  not  be  considered  available  for  metabolism. 

Fig.  3  shows  the  amount  of  fluorine  found  in  the  feces,  in  terms  of  amount 
found  to  amount  ingested,  by  those  animals  receiving  5  /ig  F  per  milliliter.  The 
Group  A'  animals  showed  some  difference  in  the  percentage  of  ingested  fluorine 
recovered  from  the  feces  of  the  males  and  females.  The  Group  B'  animals  did 


Fig.  ;{. — Rate  of  excretion  of  fluorine  in  feces  by  animals  drinking  5  mK  F  per  milliliter  during 

the  metabolism  study. 


not  show  this  sex  difference.  The  rate  of  storage  of  fluorine  by  the  animals 
receiving  5  /*g  F  per  milliliter  in  the  drinking  water  was  determined,  assuming 
the  difference  between  the  amount  ingested  and  the  amount  excreted  to  be  the 
amount  stored.  The  rate  was  calculated  as  the  amount  of  fluorine  retained  (in 
micrograms)  ])er  day  per  100  grams  of  body  weight.  These  results  are  shown 
in  Fig.  4.  The  Group  B'  animals  stored  fluorine  at  a  higher  rate  than  the  corre- 
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spending  Group  A'  animals.  However,  Group  A'  males  ingested  142  /xg  F  per 
day  as  conijiared  to  164  fig  F  per  day  ingested  by  the  Group  B'  males;  similar 
data  for  the  females  of  these  groups  showed  an  average  of  106  fig  F  ingested 
per  rat  per  day  by  Group  A'  females  and  150  fig  F  ingested  by  Group  B' 
females.  Since  the  Group  B'  animals  ingested  more  fluorine  per  day,  this 
probably  accounts  for  the  somewhat  higher  storage  rate.  In  all  cases,  a  similarly 
decreasing  rate  of  storage  was  observed  as  the  experiment  progressed.  This  was 
observed  regardless  of  previous  contact  with  the  element,  indicating  that  the  in¬ 
gestion  of  large  amounts  of  fluorine  for  a  short  period  of  time  will  not  greatly 
affect  the  subsequent  metabolism  of  more  nearly  normal  amounts  such  as  might 
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Kig.  4. — Kate  of  storage  of  fluorine  by  animals  drinking  5  mK  per  milliliter  during  the 

metabolism  study. 

he  encountered  in  fluoridized  communal  water  supplies  or  from  normal  dietary 
sources.  The  females  retained  fluorine  at  a  higher  rate  (expressed  in  micrograms 
F  per  100  grams  of  body  w'eight  per  day)  than  the  corresponding  males.  This 
seems  to  indicate  that  the  females  have  a  greater  relative  capacity  for  storage 
of  fluorine  than  the  males.  The  percentage  of  ingested  fluorine  retained  during 
each  3-day  jieriotl  was  calculated.  These  data  indicate  that  the  ])ercentage  of 
ingested  fluorine  retained  by  Group  A'  was  greater  than  the  ])er(M*ntage  retained 
by  Group  B'  animals  during  the  first  15  days.  After  about  50  days  on  the  experi¬ 
ment,  the  Group  A'  animals  stored  a  smaller  percentage  of  the  ingested  fluorine 
than  the  group  B'  animals. 
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The  total  amount  of  fluorine  assumed  to  have  been  retained  during  the 
experiment  was  calculated  and  plotted  against  time.  Fig.  5  represents  the  2 
groups  of  animals  which  received  5  /ig  F  per  milliliter  and  Fig.  6  represents 
the  2  groups  of  distilled  water  animals.  The  Group  A'  animals  appear  to 
approach  a  linear  retention  of  fluorine,  while  the  animals  of  Group  B'  seem  to 
store  smaller  amounts  initially,  but  after  about  24  days,  they  also  show  a  linear 


Days  On  Experiment 


Fig.  5. — Total  fluorine  retained  by  animals  drinking  5  gg  F  per  milliliter  during  the 

metabolism  study. 

Storage.  This  seems  to  indicate  that  their  fluorine  balance  may  have  been  dis¬ 
turbed  by  the  larger  amounts  of  fluorine  ingested  before  the  metabolism  study 
began.  The  Group  B'  males  showed  the  greatest  total  fluorine  retention, 
followed  by  Group  B'  females,  then  Group  A'  males.  The  Group  A'  females 
showed  a  much  lower  fluorine  retention.  However,  having  ingested  less  water 
and  food,  this  finding  is  undoubtedly  a  result  of  receiving  less  fluorine. 
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The  data  for  Fig.  6  indicate  that  the  Group  B  animals  reached  a  point  of 
minimum  total  fluorine  content  after  about  30  days  on  the  metabolism  study  as 
indicated  by  the  minimum  of  the  curve.  Thereafter,  the  slope  indicates  positive 
storage,  and  after  40  days,  the  storage  rate  of  the  Group  B  animals  was  about 
the  same  as  that  of  the  Group  A  (control)  animals. 


Days  On  Experiment 

Fig.  6. — Total  fluorine  retained  by  animals  drinking  distilled  water  during  the  metabolism  study. 

At  the  termination  of  the  metabolism  study,  the  animals  were  sacrificed,  and 
the  femurs  removed  for  fluorine  analysis.  Table  I  is  a  summary  of  these  data. 
It  shows  the  same  relationships  between  the  groups,  when  the  total  amount  of 
fluorine  in  the  femur  is  considered,  as  was  observed  from  the  total  amount 
retained  as  determined  from  the  metabolism  studies.  This  seems  further  to 
indicate  that  there  are  probably  not  any  grossly  inconsistent  errors  in  this 
method  for  studying  metaliolism  of  fluorine  in  the  same  rat  throughout  the 
experiment.  The  femurs  of  the  animals  of  Group  B  which  received  distilled 
water  contained  more  fluorine  than  those  of  the  Group  A  distilled  water  animals. 
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Tin*  (listril)iitioii  (in  pcrn'iitafrc  fni-ni)  nl"  tin*  Hunriin*  iiifiostfd  was  calcu¬ 
lated  for  the  various  frroups  ainl  is  juvscnted  in  Table  II.  These  data  show  that 
al)out  iio  per  cent  of  the  fl»iorine  m*currin}j  naturally  as  a  constitueut  iu  the 
diet  was  retained  hy  the  animal.  However,  aj)i>roximately  64  per  cent  of  the 
fluorine  administered  as  a  solution  of  .sotlium  fluoride  (5  /mg  F  per  milliliter)  is 
retained.  This  seems  to  indicate  that  fluorine  in  solution  is  more  readily 
absorbed,  and  thus  more  “available”  than  fluorine  occurring  naturally  in  the 
diet.  Also,  previous  exposure  to  moderate  levels  of  fluorine  does  not  ap¬ 
parently  affect  the  ultimate  storage  rate  of  smaller  fluorine  concentrations, 
since  the  B'  animals  also  retained  about  68  per  cent  of  the  ingested  fluorine. 


Table  I 

Fluorine  CkixTENT  of  Femurs 


GROUP 

supplement  while 
ON  experiment 

SEX 

DESSICATEI) 

weight 

(gm.) 

ASHED 

weight 

(GM.) 

!  PER  CENT 
i  ASH 

F.  CONC. 

IN  FEMUR 
(#4gF/GM.) 

TOTAL 
FLUORINE 
IN  FEMUR 
(MG.) 

A 

Distilleil 

M 

0.7100 

0.4216 

59.4 

90.6 

0.038 

water 

F 

0.4571 

0.2656 

58.1 

75.0 

0.020 

A' 

NaF  in  distilled 

M 

0.048(5 

0.3920 

60.4 

676.6 

0.264 

water  (5  /ig  F/ml.) 

F 

0.4.^44 

0.2437 

56.1 

698.6 

0.165 

B 

Distilled 

M 

0.5802 

0.3J90 

58.4 

154.1 

0.052 

water 

F 

0.4688 

0.2702 

57.6 

188.5 

0.051 

B' 

XaF  in  distilled 

M 

0.6134 

0.3678 

60.0 

880.5 

0.324 

water  (5  /tg  F/ml.) 

F 

0.5134 

0.3056 

59.5 

924.2 

0.284 

Table  II 

Relative  Retention  and  Excretion  of  Fluorine 


GROUP 

SUPPLEMENT  | 

SEX  1 

INGESTED  1 
(MG.  F) 

FECES  1 

(%)  1 

URINE 
(%)  1 

RETAINED 

(%) 

A 

Distilled 

M 

0.597 

36.2 

31.2 

32.6 

water 

F 

0.443 

36.3 

26.6 

37.1 

A' 

NaF  (5  ppm) 

M 

11.927 

8.9 

27.4 

63.7 

F 

8.756 

14.9 

29.3 

55.8 

B 

Distilled 

M 

0.638 

37.4 

73.9 

-11.3 

water 

F 

0.579 

40.4 

67.5 

-7.9 

B' 

NaF  (5  ppm) 

M 

13.293 

5.8 

26.7 

67.5 

F 

12.160 

4.9 

27.1 

68.0 

SUMMARY 

A  method  has  been  devised  for  the  study  of  the  metabolism  of  fluorine  by 
the  rat  which  allows  the  individual  rat  to  be  used  throughout  the  experiment, 
thus  eliminating,  or  at  least  reducing,  the  problem  of  biologic  variance  which  is 
so  fre<iuently  encountered  even  when  littermates  are  compared.  Using  this 
method,  it  has  been  observed  that  the  rate  of  retention  of  fluorine  is  ajiparently 
affected  only  during  the  first  few  days  following  the  administration  of  fairly 
large  doses  of  the  element.  However,  the  effect  is  not  noticeable  when  the 
animal  Ls  maintained  on  a  moderate  concentration  of  fluorine  for  a  relatively 
long  period  of  time  thereafter.  This  method  may  now  be  further  applied  to 
the  study  of  metalwlic  availability  and  storage  of  fluorine  in  the  presence  of 
various  inorganic  ions.  A  few  of  those  which  are  deserving  of  study  are 
.stannous  tin  (SnFz  and  SnUlF),  calcium,  aluminum,  magnesium,  iron,  and  the 
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anions,  inonollnorophosphatc  uiul  tiuosilicnte.  Porliaps  one  of  the  most  important 
applications  of  this  method  is  its  utility  in  measurin*;  the  biologic  “availability’* 
of  different  chemical  forms  of  lluoriiic  since  the  mctalM)lism  (absorption,  ex¬ 
cretion.  ainl  storage)  is  the  only  sure  criterion  of  availability. 
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EFFECT  OF  DESALIVATION  ON  ADRENALS,  UTERUS,  AND  TESTES 

IN  THE  RAT 

DAVID  BIXLER,*  JOSEPH  C.  MUHLER,**  AND  WILLIAM  G,  SHAFER*** 
Department  of  Chemistry,  Indiana  University,  Bloomington  and  Indianapolis,  Ind. 

The  effects  of  chronic  and  acute  inanition  on  the  endocrine  glands  have 
been  previously  reported.^  ®  The  characteristic  picture  of  the  testes, 
ovaries,  and  uterus  in  acute  starvation  is  one  of  hypofunction  and  atrophy. 
The  response  of  the  adrenal  gland  to  limited  feedings  is  somewhat  different ; 
Mulinos  and  Pomerantz^  and  Sarason^  have  reported  a  slight  increase  in 
weight  of  the  rat  adrenal,  while  D’Angelo,  Gordon,  and  Charipper'^  concluded 
that  adrenal  enlargement  is  a  variable  response  to  inanition  in  the  rat. 
D’Angelo,  Gordon,  and  Charipper®  found  an  increase  in  adrenal  weight  in  the 
guinea  pig  and  concluded  that  the  increase  is  roughly  proportional  to  the 
degree  of  body  weight  loss  and  the  duration  of  inanition.  That  the  duration 
of  inanition  is  important  is  further  supported  by  the  work  of  Gordon  and 
Katsch,^  who  subjected  rats  to  a  restricted  diet  for  28  days  and  found  that  the 
absolute  adrenal  weights  were  unaffected.  In  the  present  series  of  experi¬ 
ments,  the  effects  of  inanition  were  felt  to  be  of  importance  and,  hence,  worthy 
of  careful  consideration,  since  the  removal  of  the  major  portion  of  the  salivary 
glands,  as  previous  work  has  indicated,®  can  result  in  a  decreased  food  intake 
and,  as  a  result,  a  partial  inanition.  Hence,  the  purpose  of  this  study  was  to 
determine  the  effects  of  removal  of  salivary  tissue  upon  the  endocrine  system, 
dental  caries,  and  fluorine  storage.  The  data,  pertaining  to  fluorine  storage 
and  dental  caries,  have  been  reported.® 

METHODS 

In  Series  I  of  these  studies,  144  weanling  rats  were  equally  divided  as  to 
sex,  initial  body  weight,  and  general  appearance  into  4  different  groups,  each 
of  which  was  composed  of  equal  numbers  of  males  and  females.  One  group 
was  gonadectomized,  another  was  desalivated,®  and  a  third  both  gonadecto- 
mized  and  desalivated.  The  fourth  group  was  unoperated  and  served  as  con¬ 
trols.  All  the  animals  were  maintained  on  our  cariogenic,  coarsely  ground 
corn  diet®  and  distilled  water  ad  libitum  for  the  experimental  period  of  140 
days,  in  order  that  dental  caries  studies  could  be  conducted  on  these  animals. 
At  the  end  of  the  experimental  period,  the  animals  were  sacrificed  by  ether 
inhalation,  and  the  uterus,  ovaries,  pancreas,  thyroid,  adrenals,  and  testes  were 
removed  and  fixed  in  10  per  cent  Formalin  for  histologic  study. 

This  investigation  was  supported  in  part  by  the  Medical  Research  and  Development 
Board,  Office  of  the  Surgeon  General,  Department  of  the  Army,  under  Contract  No.  DA-4 9- 
n07-MD-332. 
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The  uterus,  testes,  and  adrenals  were  first  blotted  dry  on  filter  paper  and 
weighed  on  an  analytic  balance,  and  blood  was  taken  from  each  animal  by  the 
hepatic  portal  vein  and  analyzed  for  calcium'®  and  phosphorus." 

In  Series  II,  a  total  of  72  animals  were  divided  equally  as  to  sex  into  2 
experimental  groups.  One  group  was  desalivated  and  the  other  group  was 
unoperated  and  maintained  as  the  control.  Following  the  operation,  each  of 
these  desalivated  animals  was  paired  to  a  control  animal  of  the  same  sex  and 
initial  body  weight.  The  desalivated  partner  was  allowed  food  ad  libitum 
and  his  daily  consumption  measured,  while  the  control  animal  received  as  his 
daily  food  supply  only  the  amount  of  food  consumed  by  the  operated  partner. 
Distilled  water  was  available  in  an  unlimited  supply  to  both  groups. 


-Adrenal  glands  of  control  male  (left)  and  desalivated  male  (right).  Infiltration  of 
glomerulosa  by  lipoid-filled  cells  Is  noted  in  the  operated  animal. 


RESULTS  AND  DISCUSSION 

In  Series  I,  no  significant  differences  were  noted  in  the  calcium  and 
phosphorus  concentrations  of  the  blood  serum  of  the  different  groups.  Histo¬ 
logic  examination  of  the  ovaries,  thyroid,  uterus,  and  testes  did  not  reveal  any 
significant  differences  between  the  desalivated  and  control  groups.  However, 
histologic  changes  were  found  in  the  adrenal  glands  of  the  desalivated  animals. 
There  was  a  widening  of  the  zona  glomerulosa,  which  appeared  to  be  prin¬ 
cipally  due  to  the  presence  in  this  layer  of  large  lipoid-filled  cells  resembling 
those  of  the  zona  fasciculata,  but  having  a  much  clearer  appearance.  In  addi¬ 
tion.  there  was  a  condensation  or  "layering"  of  cells  with  large  vesicular 
nuclei  but  poorly  defined  cell  outlines  beneath  the  glomerulosa  (Fig.  1). 
These  alterations  were  not  present  in  the  entire  group  of  desalivated  animals 
to  the  same  degree,  nor  were  the  changes  as  prominent  in  the  female  desali- 
vates  as  in  the  males.  In  the  gonadectomized  group,  only  an  occasional  animal 
showed  these  changes,  but  in  the  gonadectomized-desalivated  rats  structural 
alterations  comparable  to  those  noted  for  desalivation  were  apparent.  Here 
also,  these  cortical  changes  were  more  striking  in  the  males  than  in  the  females. 
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It  has  been  shown*-’  that  the  zona  {flonierulosa  of  the  adrenal  gland 
is  directly  concerned  with  the  production  of  desoxycorticosterone  and  its 
control  of  the  body  salt-water  balance.  The  gross  histologic  changes  reported 
here  suggest  that  the  removal  of  salivary  tissue  may  directly  affect  the  salt¬ 
water  balance  in  the  rat.  It  is  interesting  to  note  that  in  previous  uncontrolled 
experiments,  desalivated  animals  drank  less  water  per  day  than  unoperated 
controls. 


Table  I 

SrMMARY  OF  Data  From  Unrestricted  Feeding  Experiment 


«;Rorp 

! 

i 

NO.  or  I 
RATS 

BODY 

WT. 

(GM.) 

WT. 

GAIN 

(GM.) 

MEAN 

A1»RENAL  WT. 
(MG./lOO  GM.)  1 

MEAN  TESTIS  I 
OR  I'TERrS  WT. 
(MG./lOO  GM.) 

ADRENAL 

t 

VALVES* 

Uontrol 

18 

320 

ilolfs 

246 

15.4 

+ 

2.4 1 

86.5  ±  98 

_ 

Desalivate 

16 

283 

212 

15.8 

+ 

3.0 

986  ±  107 

0.45 

Caatrate 

14 

284 

214 

19.8 

2.4 

— 

6.0 

Castrate  and 

desali- 

15 

245 

169 

18.9 

2.7 

— 

4.5 

vate 

Control 

16 

212 

FemaUg 

143  24.5 

+ 

4.5 

180  ±  38 

De8ali>*ate 

14 

199 

127 

30.6 

+ 

4.1 

205  ±  32 

3.9 

Castrate 

13 

254 

181 

23.1 

4.2 

21  ±  7 

0.52 

Castrate  and 

desali- 

12 

248 

177 

21.4 

2.9 

14  ±  4 

2.2 

vate 

•Compared  to  control. 
t.Standard  deviation  = 


The  organ  weights  of  the  various  groups  in  Series  I  are  jnesented  in 
Table  I.  Orchiectomy  resulted  in  an  increased  adrenal  weight,  which  is  in 
accord  with  observations  by  other  investigators.**’  *®  This  difference  is  sig¬ 
nificant  with  a  probability  of  less  than  0.01.  Desalivation  in  the  male  had  no 
significant  effect  upon  the  adrenal  weight,  while  those  animals  which  were 
desalivated  and  castrated  showed  adrenal  weight  changes  of  the  same  magni¬ 
tude  and  significance  as  the  orchiectornized  rats.  Ovariectomy,  on  the  other 
hand,  had  no  significant  effect  upon  the  adrenal  weight.  Smith*'*  has  rejiurted 
similar  results,  although  other  investigators  have  found  that  a  decreased 
a«lrenal  weight  following  ovariectomy  is  a  more  consistent  response.'*  I)e- 
salivatmn  in  the  female,  however,  jiroduced  a  significant  increase  in  adrenal 
weight  (probability  <  0.01  j.  In  the  females  that  were  both  castrateil  and 
desalivated.  there  was  a  significant  reduction  in  adrenal  w’eight.  Thus,  it 
appears  that  the  histol.ogic  changes  do  not  correspond  to  the  weight  changes 
sujce  the  males  exhibited  the  most  pnnidnent  histologic  alterations  and  the 
females  showed  the  weight  changes.  In  the  Series  11  animals,  the  adrenal 
data  (Table  II)  indicate  that  the  adrenal  weight  changes  may  be  of  a  nutri¬ 
tional  nature  and  are  depemlent,  al  least  in  part,  upon  food  intake.  These 
data  seem  to  account  for  the  somewhat  inconsistent  adrenal  weight  changes  in 
the  ojierated  female  groups.  The  histologic  alterations  in  the  desalivated 
adrenals,  however,  are  suggestive  of  a  dysfunction  in  the  salt-water  balance  of 
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the  Innly,  since  it  Ims  heeii  sliuwii  lliiit  tlie  /oii;i  fj;lonu‘rulosji  of  the  <*ortcx  is 
the  probable  site  of  origin  of  the  hormone  controlling  the  salt-water  balance, 
(lesoxycorticostenme.'-’  ’’’ 


Taiji.k  1 1 

ScMM.vKY  OF  Data  Fkom  I’aikki*  Fkki>ix(;  Exckkimknt 


GROrP 

i 

FINAL 

WEIGHT 

(GM.) 

WEIGHT  ^ 
GAIN 
(GM.l 

FOOD 

coxsr.MP- 

TIO.N  Pf3 

DAY 

(GM.) 

WATER 

CONSUMP¬ 
TION  PER 

DAY 

(ML.) 

ADRENAL 

WEIGHT 

(MG./lOO 

GM.) 

t  VALUE 

FOR 

ADRENAI>! 

UTERUS  OR 

TESTIS  WT. 
(MG./lOO 
GM.) 

t  VALUE 
FOR 

UTERUS 

AND 

TESTIS 

Control 

343 

257 

17.6 

Males 

22 

13.3  ±  1.3* 

907  ± 

75 

D<‘salivate 

315 

237 

17.8 

20 

14.6  ±  2.8 

0.68 

924  ± 

68 

0.55 

Control 

226 

147 

14.9 

Ftmahs 

21 

25.3  ±  2.7 

154.7  ± 

24 

_ 

Desalivate 

210 

143 

15.0 

17 

28.0  ±  4.2 

1.73 

205.0  ± 

68 

2..30 

•Standard  deviation. 


Ovariectomy  produced  a  marked  atrojihy  of  the  uterus,  while  desalivation 
resulted  in  an  increase  in  uterine  weight,  although  the  significance  of  this  in¬ 
crease  is  questionable.  However,  desalivation  did  jiroduce  a  significant  in¬ 
crease  (probability  <  0.01)  in  the  testis  weight,  although  no  gross  histiilogic 
differences  were  apparent.  Because  of  the  varied  responses  obtained  here  in 
desalivated  animals,  and  also  because  it  was  observed  that  these  animals 
apparently  ate  less  food  than  the  control  animals,  it  was  deemed  important  to 
investigate  these  weight  changes  under  conditions  of  controlled  food  intake. 
A  second  series  of  apj)roximately  70  animals  were  ])air-fed  under  conditions 
which  have  already  been  described.  The  data  of  the  ex])eriment  ai-e  presented 
in  Table  II. 

The  adrenal  weight  changes  w'hich  occurred  in  the  desalivated  females  in 
Series  I  were  markedly  reduced  in  the  ])air-fed  <lesalivate<l  females.  The  in- 
crea.se  found  here  was  not  significant  at  the  5  per  cent  level  of  confi«lence.  It 
is  also  very  interesting  to  note  that  the  te.stis  weight  changes  manifested  in 
Series  I  were  completely  lacking  in  Series  II,  while  the  uteri  of  the  desalivated 
females  in  Series  II  were  significantly  increased  in  weight.  The  results  from 
this  series  of  animals  indicate  very  strongly  that  the  basic  underlying  cau.se 
of  the  adrenal  and  testes  changes  in  de.salivated  animals  is  foml  intake,  and 
thus  nutritional  in  nature,  rnpublished  results  from  this  laboratory  iinlicatc 
that  desjilivated  animals  eat  approximately  1  to  2  (Im.  of  t\)od  a  «lay  Ic.ss  than 
control  animals  under  adlibitum  conditions.  However,  Leathern”’  has  found 
that  .slight  decreases  in  food  consumption  w'hich  are  of  the  or<ler  of  <im. 
|)er  day  do  not  signifi<*antly  affect  the  testis  and  adrenal  weights.  Although 
this  points  to  some  specific  nutritional  need  that  is  lacking  in  the  «lesalivated 
animal,  it  must  be  rememberetl  that  these  animals  were  on  a  restricted  f(»o<l 
ititake  for  140  days.  That  the  <luration  of  inanition  is  important  has  already 
been  jiointed  out  by  (Jordon  and  Katsch,'  and  this  probably  accounts  for  the 
unusual  organ  weight  changes  fouml  here. 
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SUMMARY 

Desalivated  male  rats  showed  changes  in  the  adrenal  glands  consisting  of 
a  widening  of  the  zona  glonieriilosa.  This  appeared  to  be  principally  due  to 
the  presence  in  this  layer  of  large  lipoid-filled  cells  resembling  those  in  the 
zona  fasciculata.  The  female  desalivated  rats  showed  similar  but  less-pro¬ 
nounced  changes.  Under  ad  libitum  feeding  conditions,  desalivation  resulted 
in  adrenal  weight  changes  in  the  females  which  did  not  occur  in  a  pair-feeding 
experiment.  The  testes  were  not  significantly  altered  under  pair-feeding 
conditions,  although  the  uteri  of  desalivated  animals  significantly  increased  in 
size  in  both  cases. 
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CHARACTERISTICS  OF  A  PROTEOLYTIC  ENZYME  IN  THE 
SIBMAXILLARY  AND  SUBLINMJCAL  ({LANDS  OF  THE  ALBINO  RAT 
LEO  M.  SREEBNY,  JULIA  MEYER,  AND  ERICA  BACHEM 

From  the  Department  of  Applied  Materia  Medica  and  Therapeutics  and  the  Division  of  Oral 
Pathology,  College  of  Dentistry,  University  of  Illinois,  Chicago,  III. 

SALIVARY  glands  have  long  been  known  to  produce  amylase  and  muein. 

Saliva,  on  the  other  hand,  has  been  known  to  contain  mucin  and  amylase, 
and  also  to  show  some  proteolytic  activity.®  Protease  activity  of  the  salivary 
glands  had  not  been  demonstrated  until  Jun<iueira,  Fajer,  Rabinovitch,  and 
FrankenthaP  showed  that  extracts  of  the  submaxillary  glands  of  mice  could 
degrade  casein.  A  preliminary'  study  showed  that  the  submaxillary  gland  of 
the  rat  also  had  proteolytic  activity.  The  present  investigation  is  eoneerned 
with  the  characteristics  of  this  enzyme  system. 

MATERIALS  AND  MCTHODS 

Twenty-five  adult,  male  rats  of  the  Sprague-Dawley  strain  were  used.  The 
animals  were  killed  by  ether,  and  the  capsules  containing  the  submaxillary  and 
sublingual  glands  were  dissected  free  of  the  adjacent  organs,  placed  in  liipiid 
air,  and  then  transferred  to  a  Cersh-Altmann  freeze-drying  unit  for  lyophiliza- 
tion. 

An  extract  was  made  by  grinding  the  finely  cut  frozen-dried  glands  in  a 
mortar  and  slowly  adding  saline  or  buffer  solutions.  This  crude  material  was 
then  centrifuge<l  for  5  minutes  at  1,750  r.p.m.  The  enzymatic  studies  were  done 
on  the  resultant  supernatant  fluid.  Protease  activity  was  determined  using 
either  casein  or  azocoll*  as  a  substrate. 

FINDINGS 

(A)  Huhstrate  Specificity  of  (ilnn<t  Extracts. — 

In  addition  to  azocoll  the  following  substrates  and  tissue  elements  were 
tested  for  breakdown:  casein,  gelatin,  iHUizoyl-arginine-amide,  collagenous  tis¬ 
sue,  ga.stric  mucin,  and  chondroitin  sulfate. 

1.  Casein:  (Jasein  breakdown  was  measured  by  the  metlual  of  Junqueira, 
Fajer,  Rabinovitch,  and  Frankenthal.*  The  gland  extract  liberated  twice  as 
much  tyrasine  as  was  contained  in  the  standard,  indicating  fairly  rapid  break¬ 
down  of  the  casein. 

2.  Gelcitin:  Liquefaction  of  gelatin  by  gland  extracts  was  noted  after  24 
horn's  of  incubation  at  pH  7.0. 

Received  for  publication  July  6.  1954. 

*A8  far  as  the  salivary  Kland  protease  is  concerned,  it  was  found  tliat  asocoll  and  casein 
could  usually  b«-  substitutetl  for  one  anotlier  without  affecting  the  results.  Unless  otherwise 
specifled,  azocoll  was  the  substrate  used. 
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3.  liinzoyl-iirginini-iunidc :  (ilaiid  extracts  were  incubated  with  benzoyl- 
arfriniue-ainide  for  1  to  3  hours  and  then  testt'd  for  liberated  ammonia  by  the 
method  of  Folin  and  Bell.’  The  extract  of  the  salivary  filands  could  dejirade 
l>enzoyl-ar^inine-amide  nearly  as  rajudly  as  trypsin. 

4.  Ga-stru  mucin  and  chondroitin  sulfate  The  breakdown  of  }xastric  mucin 
and  of  chondroitin  .sulfate  was  determined  by  testing  for  tbe  presence  of  re- 
duciiifr  fTroups.’  No  evidence  of  a  reducini  substance  was  seen  in  the  solutions. 
The  «rland  extracts  could  not  degrade  either  gastric  mucin  or  chondroitin  sulfate. 

5.  CoUagdwus  tissue:  The  tail  tendon  of  the  rat  was  used  as  the  source 
of  collagen.  This  was  dLs.s(*cted  out,  extracted  at  0°  C.  with  ether  and  acetone, 
and  lyophilized.  Identical  dry  weights  of  the  diced  frozen-dried  tendon  were 
incubated  for  successive  24-hour  periods  with  a  saline  extract  of  the  glands  at 
pH  7.0.  The  amount  of  tendon  tissue  put  into  solution  after  each  period  was 
detei  mined  from  tlm  dry  weight  of  the  residual  undis.solved  tendon.  It  was  found 
that  gland  extracts  did  not  decrease  the  weight  of  undissolved  tendon  compared 
with  saline  solution  controls. 


TEMceoATjiic  rci 

Fig.  1. — Influence  of  teni|>eratuie  on  Kubinuxillary  kIhikI  proteata^. 

B.  ('onditions  of  /*rotcolfjtic  Acticilfj. — 

The  influence  of  the  following  factors  was  examined:  (1)  temperature, 
(2i  pH,  (3)  efl'«M'ts  of  acid  and  alkali,  (4)  inhibitors  and  a<*tiv:itors,  (5)  effetM 
of  tryi)sin  inhibitor,  (b)  dialysis. 

1.  Te  mjff  rat  an  :  Fourteen-minute  perio«ls  <»f  enzyme  a«'tion  were  used  to 
e.stablish  the  temperature  curvi*.  Tlie  <‘fl'eet  «»f  temperature  «)n  enzyme  activity 
is  shown  in  Fig.  1.  At  ('.  there  is  a  well-<lefined  maximum.  Knzyme  ac¬ 
tivity  is  completely  aisjlished  by  heating  to  1(K)°  (J. 


Volume  34 
Number  6 


PROTEOLYTIC  ENZYME  IN  8ALIVAKY  GLANDS 


!)I7 

2.  pll :  Phthalate,  KH2P()4,  and  Iwric  acid  w'crc  used  as  buffers  in  a  final 
concentration  of  0.05  M.  There  was  maximal  activity  between  pH  S.5  and  0.5 
(Fifi.  2),  and  rapid  dropping  off  on  either  side  of  the  maximum.  The  smooth¬ 
ness  of  the  curve  in  Fig.  2  indicates  that  the  changes  observed  arc  due  to  changes 
in  hydrogen  ion  concentration  and  not  to  the  buffer  ions  used.  The  shape  of 
the  curve  was  the  same  with  casein  as  a  substrate. 

3.  Effects  of  acid  and  alkali:  (Hand  extracts  were  exposed  to  the  tested 
hydrogen  ion  concentrations  for  ninety  minutes  and  tlnui  tested  for  enzyme 
action  at  the  pH  maximum  (9.6),  using  casein  as  a  substrate.  The  enzyme 
system  was  mildly  affected  by  exposures  to  pH  *s  on  the  acid  .side  of  its  optimum 
pH  and  markedly  affected  by  pH’s  al>ovc  this  oi)timum  (Fig.  3). 


Kig.  2. — InHuenc*  of  pK  on  »ubiuaxillHry  Klan<l  proteast*. 


4.  Inhihitors  and  acticators:  Tlu“  following  activators  and  inhibitors  were 
tested  in  final  eoncent  rat  ions  as  follows: 


Cysteine 
Ascorbic  acid 
Iodine 

Mugn(‘sium  sulfate 
SiMlium  cyanide 


0.025  Molar 
0.025  Molar 
0.0025  Molar 
0.(KK)5  Molar 
0.0025  .Molar 


Cysteine  ami  a.seorbie  ueitl  markedly  aelivat»*d  the  eiizv  me  system;  iodine 
inhibit(‘d  it.  and  sodium  eyaniih*  and  magnesium  sulfate  had  litlU*  or  no  eff'eet 
upon  it. 

5.  Effect  of  trifpsin  inhihilor:  The  eff'i'ct  of  Lima  bean  trypsin  inhibitor  was 
tested  la‘caus«*  of  tin*  resemblams*  of  the  enzyme  .system  of  the  .salivary  glands  to 
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trypsin.  The  protease  of  the  salivary  glands  was  found  not  to  be  inhibited  by 
concentrations  of  inhibitor  which  practically  abolished  the  action  of  equiva¬ 
lent  quantities  of  trypsin. 

6.  Dialysis:  Dialysis  against  distilled  water  at  0°  C.  for  48  hours  resulted 
in  a  55  per  cent  reduction  in  activity.  Return  of  either  the  original  lyophilized 
dialysate  or  of  an  ashed  dialysate  restored  activity  to  its  original  value.  It  was 
concluded  that  some  inorganic  factor  is  necessary"  for  maximal  activity.  On  the 
other  hand,  none  of  the  organic  components  of  the  gland  extract  which  can 
be  removed  by  dialysis  are  necessary  for  enzyme  action. 

C.  Influence  of  Concentrations  of  the  Enzyme  and  Its  Substrate. — The 
findings  so  far  reported  should  be  taken  as  referring  to  the  submaxillary 
gland  only,  because  the  sublingual  gland  does  not  demonstrate  any  proteolytic 
activity  when  azoeall  is  used  as  a  substrate.  The  findings  reported  in  the 
present  section  refer  to  both  glands.  It  should  be  noted,  however,  that  the 
weight  of  the  sublingual  gland  is  about  20  per  cent  of  the  combined  gland 
weight. 


Fig.  3. — Kflfects  of  acid  and  alkali  on  submaxillary  gland  protease. 

1.  Limiting  substrate  concentration :  The  use  of  azocoll  was  not  found  prac¬ 
tical  because  its  concentration  could  not  be  raised  enough  to  saturate  our  cus¬ 
tomary"  extract  concentrations.  With  casein,  this  was  very  nearly  possible,  and 
an  approximate  determination  of  its  limiting  concentration  was  made,  using  a 
pH  of  9.6,  incubation  period  of  30  minutes  at  37°  C.,  and  5  mg.  dry  weight  of 
gland  tissue.  Under  these  conditions  the  limiting  concentration  of  casein  was 
about  1.0  per  cent. 

2.  Limiting  velocity  of  the  enzyme:  The  limiting  velocity  of  the  enzyme 
was  determined  from  the  figures  obtained  in  C  1  according  to  the  method  of 
Lineweaver  and  Burk.®  Fig.  4  shows  how  closely  the  S/v  values  followed  a 
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straight  line.  The  limiting  velocity  (V)  equaled  0.48  mg.  of  tyrosine.  The 
intercept  with  the  ordinate,  which  in  Lineweaver  and  Burk’s  equation  equals 
Ks/V,  lay  at  0.18.  The  value  for  Kg  was  0.086  per  cent  casein. 

3.  Varying  enzyme  concentration:  The  effect  of  varying  enzyme  concen¬ 
tration  is  shown  in  Fig.  5.  Using  the  limiting  substrate  concentration  deter¬ 
mined  in  C  1,  decreasing  enzyme  concentrations  showed  proportionately  de¬ 
creased  amounts  of  tyrosine  liberation. 


Fig.  4. — Effects  of  sub.strate  concentration  on  the  reaction  velocity. 


(Optical 

Density) 


Fig.  5. — Effects  of  extract  concentration  on  salivary  glantl  protease. 


SUMMARY  AND  CONCLUSIONS 

1.  The  submaxillar\'  and  sublingual  glands  of  albino  rats  contain  consider¬ 
able  amounts  of  an  enzyme  system  which  can  act  on  casein,  gelatin,  and  other 
proteins,  but  not  on  mucin  or  chondroitin  sulfate,  and  therefore  appeal’s  to  be 
a  relatively  nonspecific  proteolytic  system. 
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2.  This  oiizyinc  sysl**ni  luis  ils  optimal  temperature  at  55'^  ami  its  ojitimal 
j»H  at  between  S..")  and  b.o.  It  is  mildly  sensitive  to  aeids  and  markeclly  sensi¬ 
tive  to  alkali. 

■i.  Knzyme  activity  is  increased  by  cysteine  and  ascorbic  acid,  inhibited  by 
io<line  and  dialysis,  and  iinaffecti'd  by  trypsin  inhibitor,  s(Kiinm  cyanide,  and 
mafrnesium  .sulfate. 

4.  The  action  of  the  enzyme  system  follows  the  monomoleeular  reaction 
cune.  The  limiting  substrate  concentration  is  at  about  1.0  per  cent  casein; 
the  limiting:  velocity  is  0.48  mg;,  of  tyrosine  lil)eration,  and  the  Michaelis  con¬ 
stant  is  0.086  per  cent  ca.sein. 

The  authors  gratefully  thank  Dr.  H.  Catchpole  of  the  University  of  Illinois,  College  of 
Medicine,  for  his  generous  supply  of  azocoll  and  for  his  advice  and  help  in  this  investigation. 

REFERE.VCES 

1.  Folin,  O.,  and  Bell,  R.  D.:  Applications  of  a  New  Reagent  for  the  Separation  of  Am¬ 

monia.  J.  Biol.  Chem.  29:  529,  1917,  as  cited  in  Koch,  F.  C.,  and  Hanke,  M.  E. 
Practical  Methods  in  Biocdiemistiy,  ed.  5,  Baltimore,  1948,  Williams  k  Wilkins 
Company,  p.  252. 

2.  Junqueira,  L.  C.,  Fajer,  A.,  Rabinovitch,  M.,  and  Frankenthal,  L. :  Biochemical  and  Histo- 

chemical  Observations  on  the  Sexual  Dismorphism  of  Mice  Submaxillarv  Glands, 
J.  Cell.  4-  Comp.  Physiol.  34:  129,  1949. 

3.  Lineweaver,  H.,  and  Burk,  U. :  The  Determination  of  Enzyme  Dissociation  Constants, 

J.  Am.  Chim.  Soc.  56:  658,  19.34. 

4.  Meyer,  K.:  The  Mucopolysaccharides  of  the  Interfibrillar  Substance  of  the  Mesenchyme, 

Ann.  Nev:  York  Acad.  Sc.  52:  961,  1950. 

5.  Willstatter,  R.,  Bamann,  E.,  and  Rohdewald,  M.:  Ueber  die  Enzyme  der  Speicheldriist*. 

Dritte  Abhandlung  iiber  Enzyme  der  I.,eukocyten,  Ztschr.  phys.  Chem.  186:  85,  1929. 


THE  RATE  OF  ENDOGENOUS  OXYGEN  CONSUMPTION 
IN  BOVINE  DENTAL  PULP 

DONALD  E.  FLIEDEB,  B.A.,  D.D.S.,  M.S.,*  AND  ALTON  K.  FISHER,  B.S.,  D.D.S. 
Department  of  Oral  Pathology,  College  of  Dentistry,  State  University  of  Iowa,  Iowa  City,  Iowa 

INTRODUCTION 

UNTIL  recently  most  ideas  of  the  physiologic  character  of  the  dental  pulp 
have  been  drawn  inferentially  from  comparisons  of  histologic  observations 
on  it  and  other  tissues  of  similar  structure.  The  small  total  volume  of  an 
individual  human  dental  pulp  has  been  a  factor  that  has  discouraged  physiologic 
.studies  of  this  tissue.  The  relatively  new  methods  of  histochemistry  and  cyto¬ 
chemistry'  and  quantitative  mieroehemical  and  microphysiologic  techniques  ap¬ 
pear  to  be  especially  applicable  to  this  organ  and  will  undoubtedly  become 
highly  important  in  future  studies.  However,  the  use  of  more  traditional 
methods  is  not  excluded  if  one  chooses  experimental  animals  in  which  the 
volume  of  dental  pulp  is  adequate. 

Tissue  respiration  is  a  complex  of  energy-yielding  reactions  occurring  within 
component  cells,  and  since  oxygen  consumption  is  an  important  aspect  of 
respiration,  its  measurement  affords  some  insight  into  the  dynamic  status  of 
tissue.  Manometric  techniques  for  the  study  of  biochemical  and  physiologic 
phenomena  have  become  increasingly  popular  during  the  past  quarter  century 
but  their  application  to  dental  tissues  has  been  extremely  limited.  Pincus,*  in 
1950,  reported  the  QO2  of  normal  human  dental  pulp  as  0.31. 

The  present  investigation  utilized  the  direct  met  hot!  of  Warburg.  It  was 
undertaken  to  secure  additional  data  on  endogenous  oxygen  consumption  in 
dental  pulp.  The  selection  of  bovine  material  was  influenced  largely  by  its 
availability  and  by  the  large  size  of  individual  pulps.  Large  pulp  volume 
satisfies  the  requirements  of  the  Warburg  apparatus  without  need  for  tissue 
pooling.  A  secondary  factor  in  its  selection  was  the  opportunity  it  afforded  for 
comparative  physiologic  observations. 

EXPERIMENTAL  METHOD 

First  and  second  maxillary  molars  of  1-  to  2-year-old  cattle  were  obtained 
at  a  local  abattoir  immediately  after  killing  the  animal.  The  teeth  were  .split 
and  the  pulp  extracted  and  immediately  placed  in  chilled  Krebs-Ringer’s*  solu¬ 
tion.  The  pulps  were  cleaned  and  then  sliced  with  a  Stadie-Riggs  .slicer.  Only 
the  central  portions  of  the  pulps  were  used  for  the  experimental  determinations. 

Based  on  a  thesis  submitted  by  Donald  E.  Flieder  in  partial  fulflilnient  of  the  requirements 
for  the  degree  of  Master  of  Science  in  the  Department  of  Oral  Pathology,  Graduate  College  of 
the  State  University  of  Iowa.  This  investigation  was  supported  in  part  by  research  grant 
No.  D-126  from  the  United  States  Public  Health  Service. 

Received  for  publication  July  7,  1954. 

•Present  address:  School  of  Medicine  and  Dentistry,  University  of  Rochester,  Rocli- 
ester.  New  York. 
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All  tissue  slices  selected  were  less  than  1  inm.  thick,  the  niaximuni  perniissiblc 
thickness  being  3.5  min.,  according  to  Warburg’s  formula.®  Samples  ranging 
from  0.2  gram  to  1.1  grams  wet  weight  \vere  transferred  to  5  ml.  Warburg 
reaction  flasks  within  2  hours  after  the  death  of  the  animals. 

Each  flask  contained  1  ml.  of  oxygenated  Krebs-Ringer-phosphatc  solution 
adjusted  to  pH  7.4  as  the  suspending  medium.®  The  center  well  of  each  flask 
contained  0.5  ml.  of  10  per  cent  KOH  solution  for  CO2  absorption.  Oxygen 
constituted  the  gas  phase  in  the  flask-manometer  system.  Manometers  with  sip 
mm.  bore  w^ere  used.  The  w^ater  bath  of  the  Warburg  apparatus  was  set  at  38°  C. 
and  the  shaking  mechanism  was  adjusted  to  115  cycles  per  minute. 

After  manometric  observations  were  completed,  samples  w’ere  removed  from 
the  flasks,  blotted,  and  w'et  weight  determined.  Drying  in  an  oven  at  106°  C. 
for  a  minimum  of  6  hours  preceded  dry  weight  determinations. 

In  these  experiments  the  wet  w’eights  of  tissue  samples  (assuming  a  density 
of  1.0)  were  subtracted  from  the  total  gas  volume  of  flasks  and  manometers 
and  the  resultant  values  were  utilized  to  determine  flask  constants. 

RESULTS 

The  results  reported  in  Table  I  include  only  those  obtained  after  all 
procedures  had  been  standardized  in  actual  performance  and  the  experiments 
had  become  consistent.  The  QO2  expresses  the  number  of  microliters  of  O-j 
consumed  per  milligram  of  dried  tissue  per  hour. 

Oxygen  consumption  observed  during  the  first  hour  of  the  experiment  is 
regarded  as  the  most  typical  because  of  degenerative  changes  that  occur  in 
tissue  after  removal  from  its  normal  environment.  The  rise  noted  in  succeeding 
hours  probably  is  caused  by  bacterial  proliferation. 


Table  I 

Oxygen  Uptake  of  Bovine  Dental  Pulp 


TIME 

(.MIN.) 

NUMBER  OF  | 
ANIMALS 

NUMBER  OF  I 
DETERMINA¬ 
TION 

QO-. 

(/IL/MG./HR.) 

STANDARD 

DEVIATION 

1  RANGE 

60 

7 

54 

0.56 

0.13 

0.26-0.90 

120 

7 

48 

0.58 

0.14 

0.30-0.90 

180 

7 

33 

0.71 

0.17 

0.32-0.96 

240 

3 

23 

1.21 

0.48 

0.63-2.52 

DISCUSSION 

The  observed  rate  of  endogenous  oxygen  consumption  in  pulps  of  fully  or 
almost  fully  developed  teeth  is  higher  for  bovine  tissue  than  that  reported  for 
human  material.  Both  studies  indicate  that  it  is  lower  in  dental  pulp  than  in 
most  other  body  tissues  reported.*  The  observed  difference  between  human  and 
bovine  pulp  is  small  when  compared  to  other  tissues  but  when  considered  from 
the  view'point  of  low  respiratory  level  the  difference  seems  more  significant. 
The  difference  might  be  due  to  experimental  factors.  However,  a  previous  study 
of  nitrogen  content  of  bovine  and  human  dental  pulps  indicates  a  higher  con¬ 
centration  in  bovine  pulp.'*  These  combined  observations  suggest  a  possible 
species  difference. 
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It  would  be  unwise  to  assume  that  the  rate  of  endogenous  oxygen  consump¬ 
tion  as  observed  in  essentially  resting  pulps  is  characteristic  of  the  same  tissue 
active  in  dentin  formation  or  in  its  reaction  to  injury.  It  is  well  known  that 
tissue  growth  and  increased  functional  activity  is  usually  associated  with  accelera¬ 
tion  of  respiratory  rate.®  With  specific  reference  to  oral  tissues  it  has  been 
shown  that  oxygen  consumption  during  gingival  healing  is  above  that  occurring 
in  normal  gingiva.^  The  histologic  peculiarities  of  pulps  of  developing  teeth  and 
of  those  showing  chronic  inflammatory  changes,  consequently,  leads  one  to 
suspect  a  higher  level  of  metabolism  under  these  circumstances. 

Pincus'  observed  that  odontoblasts  generally  remained  attached  to  the  dentin 
when  pulps  were  removed  from  teeth.  We  have  confirmed  this  histologically 
for  both  human  and  bovine  material.  Both  studies,  therefore,  have  reported 
the  QO2  of  dental  pulp  devoid  of  its  odontoblastic  layer. 

Comparison  of  the  rates  of  endogenous  oxygen  consumption  provides  a 
means  of  relating  the  metabolic  status  of  various  tissues.  While  this  knowledge 
is  of  value  in  itself,  its  usefulness  does  not  end  there.  “During  investigations 
of  the  metabolism  of  exogenous  substrates,  knowledge  of  the  rate  of  endogenous 
metabolism  is  important  because  quantitative  manometric  results  are  very  valu¬ 
able  and  in  many  cases  indispensable  for  understanding  metabolic  pathways.”® 


CONCLUSIONS 

1.  The  endogenous  oxygen  consumption  in  bovine  dental  pulp  has  been 
determined  to  be  0.56  (S.D.  ±  0.13)  fd  per  hour  per  milligram  of  dry  tissue 
weight. 

2.  The  higher  rate  than  that  reported  for  human  dental  pulp  suggests  a 
possible  species  difference  and  warrants  further  investigation. 
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PRODUCTION  OF  HYALURONIDASE  AND  BETA-GLUCURONIDASE 
BY  YIRIDANS  STREPTOCOCCI  ISOLATED  FROM 
GINGIVAL  CREVICES 

STIG  D.  SCHULTZ-HAUDT  and  HENRY  W.  SCHEEP 

Department  of  Bacteriology,  University  of  Bochester  School  of  Medicine  and  Dentistry, 

Bochester,  A".  T. 

IN  MARGINAL  gingivitis,  the  intercellular  substance  disappears  from  the 
epithelium  lining  of  the  gingival  crevice  and  channels  open  into  the  amorphous 
ground  substance  of  the  subjacent  connective  tissue.  This  formation  of  “clefts” 
in  the  crevicular  epithelium  was  described  first  by  Stillman.^ 

This  phenomenon  has  been  reproduced,  with  subsequent  bacterial  invasion 
of  the  tissues,  by  the  topical  application  to  clinically  healthy  gingivae  of  tes¬ 
ticular  extracts  (hyaluronidase)  owing  presumably  to  the  depolymerization 
of  the  mucopolysaccharides  of  the  gingival  tissues  by  various  mucopolysaccha- 
roses.*  Hyaluronidase  and  beta-glucuronidase  are  two  of  several  enzymes  present 
in  testicular  extracts.®  Hyaluronidase  catalyzes  the  hydrolysis  of  glucosam- 
inidic  linkages  of  a  mucopolysaccharide  tissue-cementing  substance,  hyalu¬ 
ronic  acid,  to  give  a  mixture  of  tetra-,  hexa-,  and  octasaccharides,  which  are 
composed  of  alternating  N-acetylglucosamine  and  glucuronic  acid  residues. 
Beta-glucuronidase  hydrolyzes  off  the  terminal  glucuronic  acid  residues  of 
these  oligosaccharides.* 

It  has  been  shown  that  hyaluronidase  and  beta-glucuronidase  are  present 
in  subgingival  accumulations.®’  ®  It  w’as,  therefore,  relevant  to  determine 
whether  or  not  these  enzymes,  and  others  capable  of  catalyzing  the  breakdown 
of  elements  of  the  gingival  tissue,  were  produced  by  microorganisms  resident 
in  the  gingival  crevice.  Lisanti  has  reported  the  presence  of  hyaluronidase  in 
.saliva  and  its  production  by  salivary  streptococci.'^’  *  Viridans  streptococci 
probably  constitute  a  large  portion  of  the  microorganisms  that  inhabit  the 
gingival  crevice.®  They  w’ere,  therefore,  selected  as  the  first  group  to  be 
explored  in  the  present  investigation. 

MATERIALS  AND  METHODS 

Subjects. — Thirty-one  normal  adults  served  as  sources  of  cultures.  They 
were  selected  only  for  the  presence  or  absence  of  clinically  manifest  marginal 
gingivitis. 

Broth  Medium. — The  broth  used  throughout  this  investigation  consisted 
of  brain  heart  infusion  broth  (Difco),  to  which  was  added  aseptically,  ju.st 
prior  to  use,  5  volumes  per  cent  of  a  solution  containing  glucose,  4.0  Gm. ; 

This  Investigation  was  aided  by  a  contract  between  the  Office  of  the  Surgeon  General, 
Department  of  the  Army,  and  the  University  of  Rochester,  DA-49-007-MD-460. 

Presented  in  part  at  the  Thirty-second  General  Meeting  of  the  International  Association 
for  Dental  Research,  French  Lick,  Ind.,  March  19,  1954.  (J.  D.  Rea.  83;  684,  1954.) 

Received  for  publication  June  24,  1954. 
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sodium  chloride,  2.0  Gm.;  sodium  bicarbonate,  2.0  Gm.;  disodium  phosphate 
(duodecahydrate),  2.0  Gm.;  and  distilled  water,  50  ml.  This  solution  was 
sterilized  by  filtration. 

Viridans  Streptococci. — In  all,  121  single  colony  strains  of  viridans  strepto¬ 
cocci  were  studied  from  17  subjects,  plus  40  j)Ools  of  single  colony  strains  from 
20  subjects,  6  of  whom  served  also  as  members  of  the  first  group  of  17.  In 
order  to  minimize  salivary  contamination,  samples  were  taken  only  from  the 
buccal  gingival  crevices  of  the  lower  molars  or  premolars.  The  subgingival 
accumulation  from  one  crevice  was  collected  with  a  gingival  scraper  and  culti¬ 
vated  aerobically  at  37°  C.  for  24  hours  on  sheep  blood  agar.  Sheep  blood 
was  preferred  to  other  bloods  because  of  its  greater  susceptibility  to  greening 
by  viridans  streptococci.  For  the  single  colony  strains,  at  least  6  colonies  of 
viridans  streptococci  were  picked  at  random  from  the  cultures  from  each 
subject,  and  subcultured  on  sheep  blood  agar.  A  second  subculture  of  each 
strain  on  mitis-salivarius  agar  and  sucrose  agar  was  identified  as  Streptococcus 
mitis  or  Streptococcus  salivarius  by  conventional  criteria.  Simultaneously,  a 
second  subculture  was  made  in  broth  and  checked  for  the  presence  of  gram¬ 
positive  cocci  in  chains.  After  the  addition  of  sterile  skim  milk,  this  culture 
was  stored  in  the  frozen  state  to  provide  a  supply  of  stable  cultures  for  subse¬ 
quent  study. 

Since  preliminary  results  indicated  that  not  more  than  1  single  colony 
strain  out  of  4  would  produce  beta-glucuronidase,  it  seemed  probable  that  a 
more  critical  survey  would  be  obtained  by  the  use  of  pooled  strains.  For  each 
pool,  from  10  to  20  single  colony  strains  each  of  Streptococcus  mitis  and  Strepto¬ 
coccus  salivarius  from  a  single  subject  were  inoculated  into  a  single  tube  of 
broth  and  the  resultant  growth  was  preserved  as  described  previously. 

Hyaluronidase. — Each  frozen  culture  was  thawed  and  cultivated  on  sheep 
blood  agar  for  24  hours  at  37°  C.  A  sample  of  the  resultant  growth  was  inocu¬ 
lated  into  broth,  which  was  incubated  for  24  hours  at  37°  C.  Because  repre- 
entative  cultures  gave  readings  of  250  ±  30  in  a  Klett-Summerson  colorimeter 
with  blue  filter,  standardization  was  not  carried  out  routinely.  Since  the 
hyaluronidase  was  exocellular,  the  cells  were  spun  down  by  centrifugation, 
and  the  tests  were  carried  out  with  aliquots  of  the  supernatant.  Activity 
was  determined  by  the  turbidity  reduction  method  outlined  by  Tolksdorf, 
McCready,  McCullagh,  and  Schwenk,^®  using  hyaluronic  acid  prepared  from 
human  umbilical  cords  by  the  tryptic  digestion  method  of  Byers,  Tytell,  and 
Logan." 

Beta-glucuronidase. — The  organisms  were  cultivated  as  described  previ¬ 
ously.  Since  the  beta-glucuronidase  was  endocellular,  its  activity  had  to  be 
determined  in  a  suspension  of  the  cells  themselves.  In  order  to  provide  a 
basis  for  the  comparison  of  the  capability  of  the  various  strains  to  produce 
beta-glucuronidase,  the  cellular  suspensions  were  made  up  to  a  standard 
turbidity.  To  do  this,  the  density  of  gro^vth  in  each  broth  culture  was 
determined  in  a  Klett-Summerson  photoelectric  colorimeter,  using  a  red  filter. 
A  sample  of  the  culture,  equivalent  to  10  ml.  of  a  suspension  giving  a  colorim¬ 
eter  reading  of  250,  was  then  centrifuged  and  the  sedimented  bacteria  were 
resuspended  in  1.0  ml.  of  distilled  water.  The  determination  was  carried 
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out  as  described  by  Jacox,^*  using  0.5  ml.  of  this  suspension,  4.0  ml.  of  O.IM 
phosphate  buffer,  pH  6.5,  and  0.5  ml.  of  0.005^1  sodium  phenolphthalein 
glucuronate  (Sigma).  The  addition  of  chloroform  to  the  reaction  mixture  was 
found  to  be  important,  presumably  owing  to  acceleration  of  the  release  of  the 
enzyme  from  the  cells.  Without  it,  the  hydrolysis  of  the  substrate  was  delayed 
for  many  hours. 

RESULTS 

Ilyaluronidase. — In  a  preliminary  experiment,  intended  to  amplify  previous 
results®  and  to  check  on  the  clinical  judgment  in  the  choice  of  subjects, 
hyaluronidase  was  produced  in  11  cultures  from  the  subjects  with  gingivitis, 
but  in  only  1  of  4  taken  from  noninflamed  gingivae.  Statistical  analysis  showed 
that  even  in  this  small  series  the  difference  was  most  unlikely  to  have  occurred 
by  the  chance  of  fortunate  sampling. 


Table  I 

Production  of  Hyaluronidase  by  Viridans  Streptococci  Isolated  From 
Gingival  Crevices 


GROUP 

1  subjects 

1  strains 

Single  colony  strains 

Total 

17 

121 

Positive/total,  gingivitis  group 

10/10  (100%) 

33/71  (47%) 

Positive/total,  nongingivitis  group 

2/7  (  29%) 

3/50  (  6%) 

Critical  ratio 

3.1 

4.8 

Pooled  strains 

Total 

14 

28 

Positive/total,  gingivitis  group 

6/6  (100%) 

10/13  (77%) 

Positive/total,  nongingivitis  group 

2/8  (  25%) 

3/15  (20%) 

Critical  ratio 

2.8 

3.0 

This  trend  was  continued  in  the  tests  with  the  pure  cultures  of  viridans 
streptococci  (Table  I).  Each  of  the  gingivitis  subjects  gave  one  or  more 
strains  that  produced  hyaluronidase,  whereas  only  a  fourth  of  the  nongingivitis 
subjects  did  so.  The  difference  in  the  incidence  of  positive  single  colony 
strains  was  even  more  impressive.  All  differences  were  statistically  acceptable. 
As  anticipated,  the  proportion  of  positive  pooled  strains  was  somewhat  higher 
than  the  proportion  of  positive  single  colony  strains  in  both  groups  of  subjects. 
Since  there  was  no  evident  difference  between  the  single  colony  strains  of 
Streptococcus  mitis  and  Streptococcus  salivarius,  they  have  not  been  segregated 
in  the  final  tabulation.  Ilyaluronidase  was  produced  by  26  of  the  56  strains 
of  mitis  and  by  7  of  the  15  strains  of  salivarius  isolated  from  the  gingivitis 
group;  and  by  3  of  the  43  strains  of  mitis  but  by  none  of  the  7  strains  of 
salivarius  isolated  from  the  nongingivitis  group.  Beta-glucuronidase  was 
produced  by  12  of  the  mitis  strains  and  4  of  the  salivarius  strains  from  the 
gingivitis  group. 

The  positive  strains  varied  considerably  in  the  amount  of  hyaluronidase 
produced.  One  turbidity  reduction  unit  (TRU)  of  the  enzyme  is  defined  as 
the  amount  which,  on  incubation  for  30  minutes  at  37°  C.,  reduces  the  turbidity 
produced  by  0.2  mg.  of  hyaluronic  acid  to  that  produced  by  0.1  mg.,  when 
added  to  a  standard  amount  of  acidified  stabilized  human  plasma  protein.  In 
our  series,  only  strains  that  produced  tw’o  TRU  or  more  per  milliliter  of  broth 
culture  were  recorded  as  positive.  Most  strains  were  tested  twice.  Eight  strains 


Volume  34 
Number  6 


STREPTOCOCCAL  HYALURONIDASE 


927 


produced  more  than  8  TKU  per  milliliter;  19  strains,  from  6  to  8  TRU  per 
milliliter;  12  strains,  from  4  to  6  TRU  per  milliliter;  and  10  strains,  from  2 
to  4  TRU  per  milliliter. 

Beta-glucuronidase. — As  was  the  case  for  hyaluronidase,  a  considerably 
higher  proportion  of  the  gingivitis  subjects  yielded  one  or  more  strains  of 
viridans  streptococci  that  produced  beta-glucuronidase,  and  the  over-all  pro¬ 
portion  of  positive  strains  was  higher  from  this  group  than  from  the  non¬ 
gingivitis  group  (Table  II).  The  statistical  analysis  was  again  satisfactory. 


Table  H 

Production  of  Beta-glucuronidase  by  Viridans  Streptococci  Isolated 
From  Gingival  Crevices 


GROUP 

1  SUBJECTS 

1  STRAINS 

Single  colony  strains* 

Total 

17 

121 

Positive/total,  gingivitis  group 

6/10  (60%) 

16/71  (23%) 

Positive/total,  nongpngivitis  group 

0/7  (  0%) 

0/50  (  0%) 

Critical  ratio 

2.6 

3.7 

Pooled  strainst 

Total 

20 

40 

Positive/total,  gingivitis  group 

7/9  (78%) 

12/19  (63%) 

Positive/total,  nongingivitis  group 

2/11  (18%) 

2/21  (10%) 

Critical  ratio 

2.7 

3.5 

•The  same  strains  as  those  tested  for  hyaluronidase. 
tTwenty-elght  of  these  strains  were  tested  also  for  hyaluronidase 


Every  strain  that  produced  beta-glucuronidase  produced  hyaluronidase  also, 
but  the  reverse  was  not  true.  Not  all  gingivitis  subjects  yielded  a  glucuronidase¬ 
positive  strain  and  the  fraction  of  strains  positive  was  lower.  Again,  the  use 
of  the  pooled  strains  increased  the  incidence  of  positive  results.  In  this  series, 
we  added  12  pooled  strains  from  6  of  the  subjects  who  had  served  as  sources 
of  single  colony  strains.  In  all  eases,  the  results  confirmed  those  obtained  in 
the  tests  of  the  single  colony  strains.  All  positive  strains  and  many  negative 
strains  were  tested  twice. 

The  positive  strains  varied  widely  in  the  amount  of  beta-glucuronidase 
produced.  In  each  test,  the  total  available  phenolphthalein  was  795  /ig.  The 
lowest  value  accepted  as  positive  was  the  liberation  of  10  /ig  of  phenolphthalein 
during  incubation  at  37°  C.  for  18  hours.  Seven  strains  liberated  from  10 
to  30  /ig  and  15  strains  liberated  from  30  to  150  /ig.  The  remaining  8  strains 
hydrolyzed  50  per  cent  or  more  of  the  substrate,  but  the  exact  amount  was 
not  determined. 

Tests  for  Adaptation. — In  general,  bacteria  produce  enzymes  either  con- 
stitutively  or  adaptively.  In  the  former  case,  they  synthesize  the  enzyme 
regardless  of  the  presence  or  absence  of  the  specific  substrate,  that  is,  even 
when  they  have  no  use  for  it.  The  tests  discussed  up  to  this  point  were  all 
made  with  cultures  deliberately  grown  in  the  absence  of  the  specific  substrate. 
The  enzymes  were,  therefore,  produced  constitutively.  On  the  other  hand, 
many  bacterial  enzymes  are  synthesized  adaptively,  that  is,  only  when  the 
organism  is  cultivated  in  the  presence  of  the  substrate  or  when  the  cells  are 
incubated  with  the  substrate  under  such  conditions  that  growth  does  not 
occur.  In  the  present  instance,  one  or  both  of  these  conditions  prevail  in  the 
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natural  habitat  of  the  organisms  under  study.  It  was,  therefore,  most  relevant 
to  determine  whether  or  not  the  negative  strains  could  produce  the  enzymes 
adaptively.  If  they  did  so,  the  significance  of  our  results  would  be  greatly 
altered.  Accordingly,  10  strains  that  had  produced  neither  enzyme  were  culti¬ 
vated  in  broth  containing  from  0.04  to  1.0  mg.  of  hyaluronic  acid  per  milliliter, 
in  all  cases  for  several  passages  and  in  one  case  for  7  passages.  In  no  case 
was  hyaluronidase  produced.  Similarly,  25  strains  that  produced  neither  enzyme 
were  cultivated  in  broth  containing  variously  menthol-glucuronide,  glucurono- 
lactone,  acetyl  glucosamine,  or  hyaluronic  acid  for  from  1  to  8  passages.  In 
no  case  was  beta-glucuronidase  produced.  It  was  concluded,  therefore,  that 
these  streptococci  do  not  produce  these  2  enzymes  adaptively.  Furthermore, 
the  failure  of  the  enzymes  to  appear  after  serial  passages  of  the  cultures  in 
the  presence  of  the  substrates  shows  that  the  incidence  of  enzyme-producing 
mutants  is  exceedingly  low'.  On  the  other  hand,  some  of  the  positive  strains 
produced  more  of  the  enzymes  under  the  conditions  cited.  The  4  strains  tested 
more  than  doubled  their  output  of  hyaluronidase  during  their  first  passage 
in  the  presence  of  hyaluronic  acid.  Seven  glucuronidase-positive  strains  were 
grown  for  24  hours  in  broth  containing  0.04  mg.  of  menthol  glucuronide  per 
milliliter.  Three  strains  w'ere  vinaffected.  Tw'o  strains  now'  hydrolyzed  tw'ice 
as  much  phenolphthalein  glucuronide  under  the  standard  conditions ;  one  strain, 
6  times  as  much;  and  one  strain,  more  than  10  times  as  much.  In  each  case, 
the  comparison  was  made  with  a  culture  of  the  same  strain  grown  simultaneously 
in  plain  broth. 


DISCUSSION 

The  gross  similarity  of  the  microbial  population  of  the  gingival  crevice  in 
gingivitis  to  that  observed  normally  in  the  absence  of  clinically  manifest 
inflammation  has  rendered  it  unlikely  that  any  one  microorganism  is  the 
specific  microbial  component  in  this  disease.  It  has  also  given  rise  to  the  view' 
that  the  increase  of  the  crevicular  microorganisms  that  accompanies  the  develop¬ 
ment  of  gingivitis  is  a  result  of  the  pathologic  change  and  not  a  cause.  The 
present  results,  however,  show’  that  in  gingivitis  there  can  be  a  significant 
increase  in  the  incidence  of  a  relevant  type  of  organism,  namely,  viridans 
streptococci  that  produce  hyaluronidase  and  beta-glucuronidase.  Previous 
work®’  ®  indicates  that  these  enzymes  contribute  to  the  early  stages  of  marginal 
gingivitis  by  opening  channels  through  the  crevicular  epithelium  into  the 
subjacent  connective  tissue.  The  occurrence  in  the  nongingivitis  subjects  of  a 
minor  proportion  of  organisms  producing  these  enzymes  does  not  w'caken 
this  working  hypothesis.  First,  it  is  probable  that  clinically  indetectable  foci 
of  reaction  were  present  in  the  clinically  normal  gingivae.  Second,  there  may 
w'ell  be  factors  of  host  resistance  that  inhibit  either  the  production  of  these 
enzymes  or  their  activity  in  vivo.  The  blood  serum,  at  least,  frequently  contains 
an  antihyaluronidase. 

Some  of  the  observed  properties  of  these  enzymes  may  be  significant  in 
pathogenesis.  The  extracellular  occurrence  of  the  streptococcal  hyaluronidase 
means  that  in  the  natural  habitat  it  w’ould  presumably  be  available  to  attack 
tissue  at  a  distance  from  the  actively  growing  organism.  In  contrast,  the 
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beta-glucuronidase  remained  associated  with  the  cell  during  culture  and  became 
active  only  under  conditions  favoring  increased  permeability  of  the  bacterial 
cell,  that  is,  on  death  or  autolysis  of  the  cell.  Perhaps  most  significant  of  all 
is  the  fact  that  these  enzymes  were  not  produced  adaptively.  In  other  words, 
the  ability  to  synthesize  these  enzymes  is  not  an  attribute  of  every  oral  viridans 
streptococcus,  provided  that  it  is  cultivated  in  the  presence  of  the  specific 
substrate,  as  it  is  in  its  natural  habitat.  Rather,  only  a  restricted  proportion 
of  these  organisms  have  this  ability  and  they  produce  the  enzymes  regardless 
of  the  presence  or  absence  of  the  substrates.  It  is  inferred  tentatively  that  a 
more  specific  bacterial  component  is  involved  in  gingivitis  than  has  been 
generally  assumed. 

Finally,  it  is  important  to  mention  that  viridans  streptococci  are  not  the 
only  gingival  bacteria  that  produce  hyaluronidase  and  beta-glucuronidase.  In 
the  course  of  the  present  investigation,  staphylococcal  strains  capable  of  pro¬ 
ducing  both  enzymes  and  diphtheroid  strains  capable  of  producing  hyaluronidase 
have  been  isolated  from  the  gingival  crevice. 

SUMMARY 

Strains  of  Streptococcus  mitis  and  Streptococcus  salivarius  isolated  from 
the  gingival  crevices  of  31  adults,  selected  only  for  the  presence  or  absence 
of  clinically  manifest  marginal  gingivitis,  were  tested  for  the  production  of 
hyaluronidase  and  beta-glucuronidase.  These  enzymes  are  believed  on  the 
basis  of  previous  work  to  contribute  to  the  development  of  marginal  gingivitis. 
Both  the  proportion  of  subjects  yielding  one  or  more  positive  strains  and  the 
over-all  proportion  of  strains  producing  these  enzymes  were  significantly  higher 
in  the  group  having  gingivitis.  The  hyaluronidase  was  extracellular,  whereas 
the  beta-glucuronidase  was  endocellular.  Neither  enzyme  was  formed  adaptively, 
and  positive  mutants  did  not  arise  spontaneously  from  negative  strains.  These 
observations  indicate  the  participation  in  gingivitis  of  a  more  specific  group 
of  bacteria  than  has  been  generally  recognized. 
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- :  indices;  clinical  tests,  721* 

- :  inhibition;  smooth  surfaces;  L-lvsine, 

686* 

- :  inhibitors;  scnH>ning,  703* 

- :  lactate,  687* 

- :  lactobacillus,  380,  876 

- :  Leptothrix  racemosa,  621 

- :  L-lysine,  686* 

- :  pH,  687*,  693* 

- :  plaques,  687* 

- :  - ;  adsorl>ed  agent,  733* 

- :  potassium  p«>rmanganate  effe<*t,  756* 

- :  prevention;  bacterial  antagonism,  726* 

- :  pulp  vascularity,  674* 

- :  punched-card  nn-ording,  680* 

- :  ration  effects,  735* 
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— — :  r»*sistancc,  7fi2* 

- :  saliva,  690* 

- :  - ;  adenosiiitripliospliate,  753* 

- : - ;  huflfprs;  evaluation,  387 

- :  - ;  iionprotein  nitrogen,  716* 

- :  - ;  oxidation-reduction  potentials, 

752* 

- : - ;  phosphatase,  677* 

- :  social  attitudes,  710* 

- :  socio-economic  level,  870 

- :  stannous  fluoride,  714*,  785* 

- :  sucrose,  758* 

- :  susceptibilitv ;  lahoratorv  rat  strains, 

727* 

- :  toothbrushing,  870 

- :  vanadium,  756* 

- :  whole  milk-sorbitol;  desalivated  ham¬ 
sters,  703* 

CARTER,  W.  .1.:  salivary  phosphatase  ac¬ 
tivity;  caries,  677* 

- :  topical  fluoride;  effect  on  adults,  73 

CARWELL,  G.  R.:  experimental  lathyrism; 
oral  structures,  678* 

CASTALDl,  C. :  Class  11  amalgam  restora¬ 
tions;  proximal  contour;  matrix  band 
technics,  739* 

Casting:  gold;  porosity,  740* 

- :  inlay;  hygroscopic  technic,  738* 

- :  investments;  hygroscopic  expansion, 

44 

- :  variables;  effect  on  base  metal  dental 

alloys,  743* 

Castration:  caries,  889 

Casts:  mucosal  surface  contour;  measure¬ 
ments,  745* 

('atalase:  blood;  j)eriodontal  disease,  684* 
CATCIIPOLE,  H.  R.:  biologic  amines;  bind¬ 
ing  by  connective  tissue,  684* 

CAUL,  II.  J. ;  self-curing  acrylic  resins; 

property  variations,  740* 

Cavity  form :  stress  lines,  698* 

Cavity  preparation:  enamel  rod  dire<-tion, 
787* 

- :  experimental;  rat  molar,  429 

- :  photoelasticity  studies,  831 

- :  pulp  effects,  *698*,  758* 

- ;  rotational  speed,  746* 

Celloidin;  specimen  infiltration;  boiling,  459 
Cement:  dental;  electric  conductivity,  51, 
597,  839 

Cementing  materials:  eft’ect  on  gingival  tis¬ 
sues,  699* 

Cementum:  desensitization;  sodium  silico- 
fluoride,  761* 

- :  mammalian  tusks;  structure,  732* 

- :  penicillin  permeability,  553 

CHAUNCEY,  H.  H. :  parotid  gland  swre- 
tions,  678* 

- :  saliva  enzvTnic  activities;  charat-teris- 

tic  patterns,  708* 

- :  salivary  organisms;  lipolytic  and 

estrolytic  activity,  709* 

- :  salivary  phosphatase;  oral  diagnosis, 

760* 

CIIAUNDRY,  A.  P. :  carcinogenesis;  oral 
mucosa,  750* 

Chelation:  effe<‘t  on  histochemieal  staining, 
711* 


Chemicals:  biological  activity;  pna-essing 

data,  694* 

Children:  cari<*s;  gingivitis;  mahM*<dusion  in 
cidence,  546 

- :  - ;  incidence,  94,  188 

- :  drinking  habits,  786* 

CHILTON,  N.  W. ;  Latin  square  design; 

clinical  experimentation,  421 
Chimpanzee  teeth:  microstructure,  725* 
Cholinergic  action :  uncharged  carbon  com¬ 
pounds,  678* 

Chondrosulfatase  production:  microorganism 
from  gingival  crevice,  725* 
Chromium-cobalt  base:  dental  alloys;  pro¬ 
posed  specification,  747* 

Chromometer:  oral  tissues,  676* 
Chromotographv:  free  amino  acids;  saliva, 
248 

- ;  fusobacterial  identification,  717* 

Citrate  acid:  bone;  dentin,  462 
CLAPPER,  W.  E. :  lactobacillus ;  metabolic 
studies,  380 

CLARK,  H.  B.:  developing  teeth;  trans¬ 
plantation,  322 

CLARK,  J.  P.  H.:  cholinergic  action;  un¬ 
charged  carbon  compounds,  678* 

Cleft  palate:  dog;  man;  tiger;  histology, 
785* 

CLEGG,  C.  T. :  saliva;  ammonia  production, 
679*,  886 

CLOUGH,  O.  W. :  tooth  development;  pre¬ 
natal  influences,  705* 

CORE,  H.  M. :  transitory  l)acteremias;  ex¬ 
perimental  production,  750* 

COHEN,  A.:  caries;  effect  of  topical  sodium 
fluorides  and  sodium  silicofluoride,  750* 
COHEN,  M.  M.;  gingiva  at  puberty,  679* 

- :  gingival  tissue;  ascorbic  acid  effect; 

puljerty,  750* 

COHN,  V.:  semimicro  method;  calcium 
analysis,  714* 

j  COLEMAN,  R.  D. ;  articular  disc;  degenera- 
I  tive  changes;  age,  679* 

^  Collagen:  effect  of  oral  bacteria,  118 

;  - :  maturation;  dentin;  dihydrotachy- 

sterol  effect,  759* 

Collagenase  activity:  plate  method,  722* 
Compression  strength:  amalgam;  residual 
mercury,  747* 

Connective  tissue:  biologic  amines;  binding, 
684* 

- :  disaggregation;  resynthesis;  hyal- 

uronidase  injection,  705* 

- :  fibrils;  electron  microscopy,  700* 

Contents:  J.  D.  Res.,  iii 
Contra-angle:  effect  upon  high-speed  hand- 
piece,  748* 

COOK,  K.  F. :  salivary  ecology;  peroxide, 
704* 

COPELAND,  H.  I.,  JR.:  zinc  oxide-eugenol ; 

setting  mechanism,  740* 

Copper:  enamel,  209 

CORLEY,  R. :  hyaluronidase  injection;  con¬ 
nective  tissue  disaggregation  and  resyn¬ 
thesis,  705* 

CORNELL,  J. :  direct  resin  filling  materials; 
coefficient  of  thermal  expansion  an<l 
water  sorption,  589 
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- :  iiii'tlivl  iiiotliacrvint**;  tensile  striMigtIis, 

740* 

- :  wear  r«‘sistaiiee ;  artificial  tooth  ma¬ 
terials,  744* 

COSTICH,  E.  K. :  hamster  Kinffivitis;  histo- 
pathologieal  reaction,  680* 

('OX,  G.  .T. :  carious  lesions;  punched-canl 
nvordinp,  680* 

('OX,  M.  A.:  nonprotein  nitrogen;  liloo<l: 
saliva;  caries,  716* 

('KA WFOKI),  W.  H.;  residual  merciirv  de 
termination,  313 

('raze  test:  dental  plastics,  741* 

('razinjj:  acrylic  resins,  306 
Cross-titration  method:  t»act«*rial  interaction; 
characterization,  731* 

CROWLEY,  .T. :  sulfhydryl  and  disulfide 
groups;  gingiva,  733*  ^ 

('rown  diameter:  mesiodistal;  deciduous  and 
I)ermanent  teeth,  714*  ^ 

CUNAT,  J.  J.:  squamous  mandihular  ar¬ 
ticulation;  development;  rat,  751* 
Cl’KBY,  W.  A.:  pressure  variations  in  situ; 

transducer  system,  681* 

Cysts:  gingiva,  749* 

('yto<'hroniP:  oxidase;  tongue  mucosa,  682* 


AlILBEKG,  A.:  primary  tooth  charac- 
teristics;  genetics,  681* 

DAM,  H.:  enamel  depignientation ;  vitamin 
B  deficiency;  high  calcium  diet,  754* 
Dam's:  Dryopitliwus  pattern,  195 
DANIEL,  L.  H. :  topical  fluoride;  eflTwt  on 
adults,  73 

DARLING,  A.  L:  early  carious  lesion: 
enamel,  780* 

Data:  processing;  biological  activity;  chemi¬ 
cals,  694* 

DAVIES,  T.  G.  H.:  replica  studies;  enamel 
surfaces;  deciduous  teeth,  785* 

DAY,  H.  G.:  anticariogenic  effect;  stannous 
fluoride  vs.  so<liuni  fluoride;  dentifrice, 
714* 


- :  fluoride;  caries;  storage;  rat;  pi  I  i 

and  oxidation  effects,  68 
Dwalcification :  effects  on  histochemical  stain¬ 
ing,  711* 

De<dduous  teeth:  eruption;  heredity  and  i 

environment,  397  , 

Dehydroacetic  acid:  caries,  768*  | 

Dental  plaque:  inicroflora;  ultrasonic  dis- 
p<*rsion,  697* 

Dentifrice:  stannous  fluoride;  urinary  fluo¬ 
rine  levels,  726* 

- :  therapeutic;  dental  needs  of  children,  j 

710* 

Dentin:  citrate  acid,  462  . 

- :  collagen  maturation;  dihydrotachy-  ! 

sterol  effect,  759* 

— — :  desensitizjition ;  sodium  silicofluoride, 
761* 

— -:  ehs-tron  microscopy,  808 

- :  elect  rophor»*sis;  nidioactive  cttlciiim, 

12 

- :  filling  material  effivts,  757* 

- :  fluoride  eff<*cts,  489 


- :  -  ion  reaction,  59 

- :  globular  and  interglobular  zones: 

fibrillar  matrix  patterns,  753* 

- :  innervation,  781* 

- :  inorganic  elements;  dissolution  rate. 

749* 

- :  organic  matter  removal;  ethylenedia- 

mine  kok-glycol,  719* 

- :  penetration;  radioactive  substances,  28 

- :  penicillin  jw'rnieability,  553 

- :  reparative;  formation  and  qualitv, 

734* 

- :  sch'rosis;  radioisotop«*s,  674* 

- :  sodium  coagulant  effects,  503 

- :  s|)e«*tro<diemical  analysis;  hamster,  814 

- :  tryptophan  deficiency,  671* 

- :  vital  staining,  452 

Dentition:  voung  pre-Columbian  Indians, 

724* 

DENTON,  G.  B.:  I.  A.  D.  R.;  program,  ('hi 
cago  Section,  1953-54,  790 

- :  - ;  - ,  - ,  1954  .55,792 

Denture:  measurements,  745* 

- :  phonetics,  738* 

D<‘s;ilivation :  adrenal  eflfts-t,  910 

- :  caries,  239,  889 

- :  testes,  910 

- :  uterus,  910 

Developing  teeth:  mucopolysaccharide,  123 

- :  - ;  nucleic  acid,  670* 

- :  transplantation,  322 

Dialjctes:  carit's  incidence;  rat,  716* 
Diagnosis:  clinical  pathological  findings; 

periapical  areas,  692* 

Diaphragm:  effect  on  radiation  intensitv, 
763* 

DICKSON,  G. :  amalgams;  dimensional 
stability,  273 

- :  - ;  mercury  difusion;  surface  sta¬ 
bility;  x-ray  diffraction  studi*'s,  744* 
- :  hygroscopic  expansion;  dental  cast¬ 
ing  inv**stnients,  44 
Diet:  ashed  foodstuffs;  caries,  513 

- :  Aureomycin;  dental  effe<‘ts,  765* 

- :  caries,  358,  513,  694*,  703* 

- :  corn;  caries,  364 

- :  foodstuff  retention,  676* 

- :  high  calcium;  enamel  pigmentation: 

vitamin  E  deficiency,  754* 

- :  processed  foods;  caries,  358 

- :  whole  milk-sorbitol;  caries,  703* 

(See  also  protein,  carbohydratt*s,  vitamins) 
Dihydrotachysterol :  effwt  on  tlentin  collagen 
maturation,  759* 

Dimensional  stability:  amalgams,  273 
Direct-filling  resins:  light-induced  changes; 

spectrophotometry,  741*  (S<*<*  also  resinsl 
Disulfide:  gingiva,  73.3* 

Dissolution:  inorganic  dentin  eleim*nts,  749* 
DODD,  M.  C. :  (huital  plaque;  microflora: 

disp<*rsion  by  ultrasound,  697* 

D1*N  cytmdirome  C  redin-tase:  tongue  mu¬ 
cosa,  682* 

Dryopitluvus  pattern:  recc'iit  Daiu*s  and 
Dutchmen,  195 

Dutchmen:  Drvopithe<‘us  pattern,  195 
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^DEMA:  postsurgical ;  tubocurariiie,  69(5* 
Editor’s  Viewpoint:  1,  149,  303,  467,  629, 
795 

EDWARDS,  L.  gingiva;  extraosseous; 

innervation,  681* 

EDTA:  caries,  694* 

EGGERS-LURA,  H.:  adenosintripliosphate; 
salivary;  caries,  753* 

- :  physically  dissolved  salivary  oxyg<*n; 

electrochemical  estimation,  751* 

- :  saliva;  glucose;  degradation,  752* 

- :  - ;  microflora;  oxygen  uptake, 

752* 

- :  - ;  - ;  pvruvic  acid  oxidation, 

751* 

- :  - ;  oxidation-reduction  [xdentials; 

caries,  752* 

EICIIEL,  B. :  direct-filling  resins;  light-in¬ 
duced  changes;  spectrophotometry,  741* 

- :  glucose-fi-PO,  dehydrogenase;  gingiva; 

pulp;  sultmaxillary  gland;  tongue  mu¬ 
cosa,  683* 

- :  pyruvic  reductase;  spectrophotometric 

determination;  oral  tissues,  682* 

- :  tongue  mucosa;  succinic  dehydro¬ 
genase  DPN  cytochrome  C  reductase; 
cytochrome  oxidase;  total  protein,  682* 
Electric  conduct ivitv ;  dental  cement,  51,  597. 
839 

Electron  microscopv:  connective  tissue  fibrils, 
700* 

- :  abnormal;  enamel  surfaces,  152 

- :  dentin,  808 

- :  teeth,  778* 

Electronic  stimulation:  oral  tissues,  688* 
Electrophoresis:  dentin;  radioactive  calcium, 
12 

ELLIS,  S. :  methyl  methacrylate;  tensile 
strength,  740* 

- :  wear  resistance;  artificial  tooth  ma 

terials,  744* 

EMERSON,  W.  A.;  full  denture  prosthesis; 

psjychological  factors,  683* 

EMMEL,  V.:  enamel  nitrogen  content;  age, 
672* 

Enamel:  adhesion  of  acrvlic  filling  material. 
849 

- :  chalky  white;  ultrastructure,  38 

- :  copper,  209 

- :  depigmentation;  vitamin  E  deficiency, 

754* 

- :  development:  radiosulfate  studies,  20 

- :  early  carious  lesion,  780* 

- - :  electron  microscopy;  aluiormal;  sur 

face,  152 

- :  fluoride  ion  reaction,  59 

- :  fluorine  uptake,  702* 

- :  histomorphology,  767* 

- :  hypoplasia;  neonatal,  779* 

- :  infrared  absorption  spectra,  685* 

- :  inorganic  carbonate,  708* 

- :  nitrogen,  672* 

- :  peptide,  780* 

- :  pigment;  abnormal  black;  rat,  754* 

- :  protein,  780* 

- :  rat  incisor,  676* 

- :  replica;  stmlies,  785* 

- :  rods;  dirwtion;  primary  mohtrs; 

cavity  preparations,  787* 


- :  solubility;  sucrose,  673* 

- :  spectrochemical  analysis;  hamster,  814 

- :  tin,  674* 

- :  white  spots;  microradiographic  studies. 

693* 

ENDAHL,  B.  A.:  salivary  glands;  arginase 
activity;  inhibition  by  testosterone,  760* 
Endocrines:  eruption  rate;  rat  incisor,  687* 
(See  also  specific  hormones  and  glands) 
ENGEL,  M.  B. :  biologic  amines;  binding 
by  connective  tissue,  684* 

ENGLANDER,  H.  R.:  blood  catalase  con¬ 
tent;  periodontal  disease,  684* 

- :  salivary  phospharase  activity;  caries. 

677* 

- :  - ;  variations,  696* 

ENGLISH,  .T.  A.:  salivary  gland  irradia 
tion;  morphologic  effects,  4 
Environment:  deciduous  tooth  eruption,  397 
Enzymes:  topical  application,  786* 

Enzymic  activities:  saliva;  characteristic 
patterns,  708* 

Epinephrine  derivatives:  halogen-substi¬ 
tuted,  677* 

Epithelial  attachment:  study  methods,  736* 
ERK’SSON,  Y.:  salivary  calcium;  mag¬ 
nesium;  determination,  104 
Eruption:  deciduous  teeth;  heredity  and 
environment,  397 

- :  rate;  rat  incisors;  endocrine  effects, 

687* 

Eruptive  movement:  lower  first  molar;  rat, 
763* 

Erythema:  skin;  x-ray  radiation,  100 
Esterolvtic  activity:  salivarv  organism.s, 
709* 

Estrogens:  alveolar  bone  effects,  766* 

- :  caries,  661 

- :  urinary;  periodontosis,  760* 

Ethylenediamine  kok-glycol;  organic  matter 
removal;  dentin,  719* 

Expansion:  direct  resin  filling  materials. 
589 

Experimentation:  clinical;  Latin  scjuare  de¬ 
sign,  421 

Extraction:  blood  loss,  690* 

I  "pABER,  J.  E.,  .TR.:  caries;  oral  popula- 
I  ^  tion;  hamster,  876 

- :  glucose  metabolism  by  lactobacilli; 

sodium  fluoride,  718* 

FAIRHFRST,  C.  W.:  dental  gold  castings; 
porosity,  740* 

- :  hygroscopic  expansion,  745* 

PALCETTI,  .T.  P,:  adhesion  to  tooth  struc¬ 
ture;  adhesive  materials,  577 
FANNING,  R.  J.:  periapical  x-ray  film 
survey,  745* 

FEARNHEAD,  R.  W.:  dentin  innervation, 
781* 

FEIGELMAN,  E.  S.:  rat  incisor;  proteins; 

amino  acid  content,  753* 

FELDMAN,  I.:  fluoride  state;  drinking 
water;  significance,  762* 

Ferrets:  deposits  on  teeth,  6.50 
FESSENDEN,  E.:  cemeiitnm  structure: 

iiiaiiiiiialian  tusks,  732* 

Filamentous  organisms:  oral,  621,  7.‘51* 
Filling  materials:  effect  on  pulp,  854 
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- : - teeth,  757* 

- :  plastic;  antibacterial  property,  742* 

FISCHER,  R.  B.;  direct-filling  resins;  light- 
induced  changes;  spectrophotometry, 
741* 

- :  fluoroapatite  development;  fluoride 

treatment;  x-ray  study,  685* 

- :  infrared  absorption  spectra;  enamel. 

6,S5* 

- :  pulp  vascularity;  caries  experience, 

(574* 

FISCHER,  T.  E.:  plastic  filling  materials; 

antibacterial  property,  742* 

Fish:  keratinous  tissue,  676* 

FISHER,  A.  K.:  oxygen  consumption; 
bovine  pulp,  621 

FITZGERALD,  R.  .1.:  experimental  caries; 
antibiotic  effects,  685* 

- :  lactobacillus  types;  rat  mouth,  (599* 

- :  veillonella;  antibiotic  effects,  705* 

FLANAGAN,  V.  I).:  tooth  transplantation; 
hamster,  715* 

FLEMING,  H.  S.:  tooth  germ  homotrans¬ 
plants;  ovariectomized  guinea  pigs, 
(58(5* 

- -  -  transplantation;  host  re¬ 
lation,  .329 

FI.IEDER,  I).  E.:  oxygen  consumption; 
bovine  pulp,  921 

Floor:  mouth;  muscle  development,  779* 
Fluorine:  amino  acid  content;  rat  incisor, 
75.3* 

- :  blood  flow  rate;  vascular  tone,  478 

- :  calcium  deposition,  767* 

- :  caries  experience,  7.3,  77,  7.50,  762, 

785 

- :  dentifrice;  urinarv  fluorine  levels, 

726* 

- :  dentin  and  enamel  reaction,  59 

- :  deposition;  tibia,  7.37* 

- :  drinking  water;  significance,  762* 

- :  embryo  heart  and  kidney  effect,  .341 

- :  enamel;  lactic  acid  formation;  lacto- 

bacilli,  769* 

- :  ;  uptake,  762* 

- :  in  vivo  reaction,  712* 

- :  lactobacilli  effects,  178,  728*,  769* 

- :  niicroconcentration ;  metabolism, 

7.34*,  900 

- :  organic  and  inorganic  components  of 

dentin;  effect,  489 

- :  phosphorus  metabolism,  784* 

- :  saliva,  668* 

- :  sodium  vs.  stannous;  removal  by 

powdered  enamel,  .356 

- :  stannous;  caries,  785* 

- :  storage;  pH  and  oxidation  effect,  (58 

- :  ;  water  pH,  895 

- :  thyroid  iodine  metabolism,  470 

- :  tooth  movement;  effect,  75(5* 

- :  topical,  7.3,  7.50* 

- :  urinarv;  stannous  fluoride  dentifrice, 

726* 

FOLK,  .T.  E.:  caries  production;  rats;  ex¬ 
perimental  variables,  358 

- :  smooth  surface  caries;  inhibition; 

L-lysine,  (5.S(;* 

KONG,  t\:  trnnspluntation  of  teeth.  669* 
Food  habits:  toothbnishing;  caries,  870 


Foodstuffs:  retention,  67(5*  (See  also  diet) 
FORSCHER,  B.  K.:  glycogen  content; 
periodontal  tissue;  correlation  with 
tyrosine,  144 

FORSTER,  M.  G.:  carbohydrate  refine¬ 
ment;  caries,  777* 

FORZIATI,  A.  F.:  zinc  oxide-eugenol;  set¬ 
ting  mechanism,  740* 

FOSDK’K,  L.  S.:  blood  catala.se  content: 
per'odontal  disease,  (584* 

- :  dental  placpies;  lactate  and  pH; 

caries,  (587* 

- :  enamel  solubility;  sucrose  effect,  67.3* 

- :  halogen-substituted  e  p  i  n  e  p  h  r  i  n  e 

derivatives,  (577* 

- :  pantothenic  acid  deficient  rats;  water 

balance,  71.3* 

FOSTER,  W.  C.:  fluorine  uptake;  enamel, 
702* 

FOX,  .1.  E.:  craze  test;  dental  plasties, 
741* 

Francolite:  carbonate,  719* 

FREESE,  .T.  A.:  tooth  flora;  technic,  783* 
FRIEDLAND,  R.:  periodontosis;  urinary 
estrogen,  7(56* 

FRISBIE,  H.  E.:  dentin;  globular  and 
interglobular  zones;  fibrillar  matrix 
patterns,  7.53* 

FRITZ,  I.:  proteins;  muscle;  oral  mucosa; 
pulp,  445 

- :  - ;  salivary  gland,  4.35 

Fusobacteria:  identification;  paper  chroma¬ 
tography,  717* 

Fusospirochetal  infection:  experimental; 
pathogenic  components,  708* 

^  ABEL,  A.  R.:  periodontal  membrane 
fillers;  function;  mathematical  analysis, 
687* 

GARDNER,  M.  K.:  lactobacillus  counts: 

acid  production  in  culture  media,  728* 
GARREN,  L.  I).:  eruption  rate;  rat  in¬ 
cisor;  endocrine  effwts,  687* 

GASTON,  C. :  glucose  concentration;  tooth 
substance  attack,  5.37 

Genetics:  primary  tooth  characteristics,  6>'l* 
GIBILISCO,  .T.  A.:  sensory  response  follow¬ 
ing  electronic  stimulation;  oral  tissues; 
thalamus,  688* 

GIDDON,  D,  R. :  full  denture  prosthesis; 
psychological  factors,  683* 

- :  multivariate  data;  stati.stical  evalua 

tion,  688* 

GILLETTE,  R. :  lame  resorption;  normal  and 
la  implants,  689* 

GILLIS,  R.  E. :  sodium  dehydroacetate; 

growth  and  glycolysis  effects,  689* 
GILMAN,  E. :  caries  etiology;  in  vitro 
studies,  719* 

Gingiva:  75Q* 

- :  capillary  circulation,  78.3* 

- :  cementing  material;  effect,  (599* 

- :  crevice;  chondrosulfatase;  production; 

microorganism,  725* 

- :  - ;  streptoc«s‘ci ;  hyaluronida.se  pro- 

dm-tion,  724* 

— :  cysts,  749* 

- :  extraosseous  iiiiierv:ilioii,  (581* 

- :  glucose-6-PO, ;  dehydrogenase,  68.3* 
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- :  hamster;  histopathological  reaction, 

680* 

- :  plaque;  hamster,  713* 

- :  puberty,  679* 

- :  sulcus;  study  methods,  736* 

- :  sulfhydryl  and  disulfide  groups,  733* 

(tingivitis:  adolescents,  787* 

- :  hamster;  histopathological  reaction, 

680* 

- :  - ;  incidence;  Chicago,  546 

- :  Tel  Aviv,  Israel.  94 

(ILKNN,  J.  F. :  literature  abstracting  and  I 
indexing,  741* 

(JLICKMAN,  1.:  antiformin;  effwt  on  perio¬ 
dontal  po<‘ket,  754* 

- :  estrogen  h  o  r  m  one  administration ; 

alveolar  bone  cflF<*cts,  766* 

- :  sulfhydryl  and  disulfide  groups; 

gingiva,  733*  i 

Glucose:  concentration;  tooth  substance 

attack,  537 

- :  degradation;  saliva,  752* 

- :  metabolism;  lactobacilli;  sodium  fluo¬ 
ride  effects,  718* 

- :  rinse  test,  724* 

_ - :  - ;  methyl  red;  salivary  lacto- 

bacillus  count  relationship,  724* 
Glucose-fi-PO, :  dehydrogenase ;  gingiva; 
pulp ;  submaxillary  gland ;  tongue  mu¬ 
cosa,  683* 

Glycogen:  periodontal  tissues;  correlation 
with  tyrosine,  144 

Glycolysis;  inhibition;  bactericidal  action; 
biologically  active  compounds,  710* 

- :  sodium  dehydroacetate  effects,  689* 

GOAZ,  P.  W. :  caries;  salivary  effects,  690* 
GOUMAN,  G.:  notochord  tumors;  sala¬ 
mander;  crystalline  lathyrus  factor,  707* 
GOLD,  H.  8.:  alveolar  bone  resorption; 
hamster;  evaluation,  701* 

- :  periodontal  disease;  Svrian  hamster, 

690* 

Gold. castings:  porosity,  740* 

GORES,  R.  J. :  blood  loss;  alveoloplasty  and 
extraction,  690* 

GRAINGER,  R.  M. :  exact  analysis  in  analyz¬ 
ing  experimental  data,  691* 

- :  nonprotein  nitrogen;  blood  and  saliva; 

caries,  716* 

GRANADOS,  H.:  abnormal  black  pigment; 
rat  enamel,  754* 

- :  enamel  depigmentation;  vitamin  E 

deficiency;  high  calcium  diet,  754* 
GRAND,  N.  G. :  in  vitro  cellular  response; 
metallic  and  nonmetallic  materials,  691* 

- :  sodium  fluoride;  sodium  oxalate; 

effect  on  embryo  heart  and  kidney;  tis¬ 
sue  culture,  341 

GREEN,  G.  E. :  dental  plaque;  mieroflora; 

dispersion  by  ultrasound,  697* 

- :  oral  lactobacilli;  inhil>ition;  strepto¬ 
cocci,  691* 

GREEN,  R.:  dirtn-t  resin  filling  materials; 
coefficient  of  thermal  expansion  and 
water  sor})tion,  589 

- :  polymethyl  methacrylate;  polyiiieriza- 

tion;  amini‘,  hydro(|uiiioiie  peroxidi* 
effects,  745* 


GREENWOOD,  A.  R.  T.:  synthetic  resin 
teeth;  wear  testing  equipment,  741* 
GREULICH,  R.  C. :  radioautographic  visuali¬ 
zation;  organic  matrix  of  dentin,  793 
( addendum ) 

GROSSMAN,  L.  T.:  clinical  diagnosis  and 
histopathological  findings;  periapical  re¬ 
gion;  correlation,  692* 

- :  pulp  chambers  and  root  canals;  bac- 

teriologic  status,  755* 

Growtli  rate:  rat;  caries,  712* 

GUARD,  W.  F. :  Class  11  restorations;  stress 
lines,  698* 

Guatemalan  villages:  dental  findings;  nutri¬ 
tion,  390 

GUPTA,  O.  P.:  periodontal  studies;  rice  rat, 
692* 

GUZMAN,  C. :  enamel  ‘‘white  spots”;  micro¬ 
radiographic  studies,  693* 

EJ  AACK,  D.  C. :  Class  II  restorations; 
^  stress  lines,  698* 

HACKEDORN,  H.  M. :  mucopolysaccharide 
synthesis;  sucrose;  oral  bacteria,  368 
IIALDI,  J. :  high  sugar  ration;  calcium- 
phosphorus  ratio  variations;  cariogenic- 
ity,  736* 

- :  pH;  carious  and  noncarious  teeth; 

rat,  693* 

HALL,  D. :  salivary  gland;  arginate  activity; 

inhibition  by  testosterone,  760* 

Hamster:  alveolar  bone;  resorption;  evalua¬ 
tion,  701* 

- :  cadmium  sulfate  and  lead  acetate 

effect,  768* 

- :  caries;  resistance,  762* 

- :  caries-immune  and  caries-susceptible; 

breeding,  757* 

- :  dentin  and  enamel;  spe<*trochemical 

analysis,  814 

- :  deposits  on  teeth,  650 

- :  gingival  debris  accumulation,  699* 

- :  -  plaque,  713* 

- :  parasitic  fauna,  631 

- :  periodontal  disease,  680*,  702* 

HANCOCK,  J.  A.:  toxins;  placental  passage, 
703* 

Handpiece:  high-speed;  effect  of  contra- 
angle,  748* 

HANSE,  L.  S. :  tissue  response;  rotary  and 
ultrasonic  cutting  instruments,  093* 
HARGREAVES,  G.  L. :  processing  data; 

biological  activity;  chemicals,  694* 
HARRIS,  M.  R.:  caries;  EDTA;  food  con¬ 
sumption,  694* 

HARRIS,  N.  O. :  plastic  filling  material; 
antibacterial  properties,  742* 

- :  thyroid  iodine  metabolism;  sodium 

fluoride  exposure,  470 

HARRIS,  R.  S. :  dental  caries;  ashed  food¬ 
stuff  eff«H'ts,  513 

HARTLES,  R.  L.:  pyrimidims  fluorescing 
tooth  fractions;  sperm  whale,  820 

- :  salivarv  sediiinmf;  iiudabolic  aidivitv, 

784* 

HARTLEY,  .1.  L. :  rolatiiig  dininond  iiistni- 
ments,  742® 
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HATTON,  Ai.  K.:  <1cc'h1u<mis  (•niiifiuii; 

liereditv  him!  t‘iivin»nment,  .‘5JH 
HATTON,  W.  E.:  tliiorine  rtMiioval;  sotliiiiii 
staiiiioiis;  |K»\v(lere<l  enamel,  ‘loO 
HAWKINS,  W.  L.:  jflucose  eoncentratinii ; 
tooth  sul)8taiice  attack,  537 

- :  saliva;  carbohydrates,  7G4* 

HAYES,  R.  L.:  thyroid  iodine  metabolism; 

sodium  fluoride  exposure,  470 
Healing:  extraction  wound;  magnesium 

effects,  73fi* 

Heart:  sodium  fluoride  and  sodium  oxalate 
effect,  341 

HEATHERMAN,  M.  E.:  lactobacillus; 
metabolic  studies,  380 

HEIN,  .T.  W.:  caries;  effect  of  rations  above 
hydrogen  in  EAIF  series,  735* 

- :  hamsters;  caries-immune  and  suscep¬ 
tible;  breeding,  757* 

- : - ;  cadmium  sulfate  and  lead 

acetate  effect,  768* 

- :  - ;  caries;  potassium  permanga¬ 
nate  effect,  756* 

- :  - ;  - ;  vanadium  effect,  756* 

- :  pH  fall;  sarcosinate  effects,  755* 

- :  plaque  measurements;  in  situ;  vari¬ 
ables,  695* 

HENRY,  E.  E.:  inverted-cone  bur  perform¬ 
ance;  design  factors,  743* 

Heredity:  deciduous  tooth  eruption,  397 
HESS,  W.  C.:  citrate  acid;  bone;  dentin, 
462 

- ;  glycogen  content;  periodontal  tissue; 

correlation  with  tyrosine,  144 
HILL,  I.  N.:  caries  experience;  fluorida¬ 
tion;  12-,  13-,  14-year-olds,  77 

- :  lactobacillus  counts;  fluoridated 

water,  178 

HILL,  R.  G.:  pulp  reaction;  dentin  deposi¬ 
tion;  adrenal  hormone  unbalance,  761* 
HILL,  T.  .L:  biologically  active  salivary 
fraction;  extraction  procedures,  695* 

- :  oral  tissue  chromometer,  676* 

- :  periodontal  disease;  experimental  pro¬ 
duction;  hamsters,  702* 

HILLBLOM,  R. :  tooth  movement  following 
extraction;  fluoride  effect;  756* 
Histochemical  staining:  acid  decalcification 
and  chelation  effect,  711* 

Histochemistry:  adrenal  cortex;  desalivation, 
672* 

- :  lamprey  mouth,  132 

- :  osteoclasts,  671* 

- :  protein  group  demonstration,  675* 

Histological  technics:  observations,  778* 
Histopathology :  tongue,  786* 

HODGE,  H.  C. :  fluoride  state;  drinking 
water;  significance,  762* 

- :  hamsters;  caries-immune  and  suscep¬ 
tible  strains;  breeding,  757* 

HODGES,  E.  A. :  lactobacilli ;  response  to 
thiamine,  704* 

HOERMAN,  K.  C.:  anterior  hypophyseal 
growth  hormone;  guinea  pig  mandible 
growth,  763* 

- :  salivary  phosphatase  activity;  caries, 

677* 

- :  - ;  variations,  696* 


IIOKEMAN,  M.  M.:  bufocuiariiie;  pain: 

edema;  spasm;  Ldlowing  surgery,  Hi>6* 
HOLAHAN,  G.  V.:  masticatory  space;  ana- 
tomi<*al  study,  696* 

IIOBPERT,  C.  A.:  caries-n-sistant  and  sus¬ 
ceptible  rats;  onil  microbiology,  113 
Hormone:  anterior  hypophyseal  growth; 

effect  on  guinea  pig  mandible,  763* 

- :  salivarj"  gland;  effect;  rat,  727* 

- :  sex;  caries,  889 

(See  also  endocrine  and  specific  names) 
HOWELL,  F.  y.:  keratotic  lesions;  oral 
mucosa,  788* 

HUDSON,  D.  C. :  radiation  points  during 
dental  x-ray  exposure;  ionization  cham- 
l)er  uses,  743* 

HUGHES,  S.  G. :  calcification  of  teeth; 
experimental,  779* 

HUNT,  H.  R.:  caries-resistant  and  suscep¬ 
tible  rats;  oral  microbiology,  113 
HUNTER,  IL  A.:  pulp  exposure;  bridging, 
697* 

IIURARTE,  E.  A.:  Guatemalan  villages; 

nutrition;  dental  findings,  390 
HURME,  V.  O. :  odontiasis;  monkey,  697* 
Hyaluronidase :  connective  tissue  disaggrega¬ 
tion;  resynthesis,  705* 

- :  production  by  streptococci,  724* 

Hydrocortisone:  achromycin;  combination; 

therapy,  765* 

Hydroquinone :  polymethyl  methacrylate; 

polymerization,  745* 

Hygroscopic  expansion:  4,  738,*  745* 
Hypoplasia:  enamel;  neonatal,  779* 

I A  implants;  bone  resorption,  689* 
Impressions:  mucosal  surface  contours; 

measurements,  745* 

Indians:  pre-Columbian;  dentition,  724* 
Inflammation;  in  vitro  studies,  691* 

Infrared  absorption  spectra:  685* 
INGERSOLL,  C.:  base  metal  dental  alloys; 
mechanical  properties;  effects  of  casting 
variables,  743* 

Inlay  casting:  hygroscopic  tetdinic,  738* 
Innervation:  dentin,  781* 

- :  extraosseous;  gingiva,  681* 

Instruments:  rotating  diamond,  742* 

Internal  enamel  epithelial  layers:  779* 
I.A.D.R.:  British  Section;  Proceedings;  1955, 
776 

- :  Chicago  S«vtion;  Program,  1953-54, 

790 

- :  - ;  - ,  1954-55,  792 

- :  New  York  Section;  Proceedings; 

Octol)er  10,  December  1,  1954,  626 

- :  - ;  - ;  April  27,  1955,  786 

- :  Pacific  Northwest  Section;  Pro<'eed- 

ings;  May  2,  1955,  787 

- :  Supporting  Assoidates,  148,  302,  794, 

930 

- :  Thirty-third  General  Meeting;  Execu¬ 
tive  Proceedings,  769 

- :  - ;  Index  of  Participants,  666 

- :  - ;  Members  Registered,  774 

- :  - ;  Meml)ers  Voting,  774 

- :  - ;  Necrology,  773 
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i.A.l  'riiii't  y-tliini 

Officers  and  Members;  ehn-ted.  77:5 

- :  - ;  Proceedings,  66ti 

- :  - ;  Kesolutions,  773 

- :  - ;  Secretary-Treasurer  Report,  771 

In  vitro  culture:  tooth  germs,  706* 
IXV'ERSO,  H.  S. :  dental  plaque;  micro¬ 
flora;  dispersion  by  ultrasound,  697* 
- :  oral  lactohacilli;  inhibition;  strepto¬ 
cocci,  691* 

Iodine:  aqueous  solutions;  clinical  investiga¬ 
tions,  402 

- :  metabolism;  thvroid;  sodium  fluoride, 

470 

Ionization:  chaml>er;  radiation  exposure 

points,  743* 

IRELAND,  R.  L. :  Class  II  cavity  restora¬ 
tions;  stress  lines,  69S* 

Irradiation:  pituitary  gland,  789* 

- :  salivary  glands,  4 

Irritation:  |)eriodontium ;  protein  deprived 
rats,  723* 

ISERI,  O.  A.:  semimicro  method;  calcium 
analysis,  714* 

ISRAEL:  caries;  gingivitis,  94 


¥  ACKSON,  D.:  phosphorus  metabolism; 
fluorine  effects,  784* 

JACKSON,  S.  R.:  nonprotein  nitrogen; 

blood  and  saliva;  caries,  716* 

JAMES,  A.  G. :  local  anesthetics;  weather 
conditions;  patient  reaction,  262 

- :  - ;  - ;  - ;  Lidocaine,  268 

JAMES,  V.  E. :  Ailing  materials;  effects  on 
teeth,  757* 

- :  histochemical  staining;  acid  decalcifi¬ 
cation  and  chelation  effects,  711* 

- :  jtulp;  cavity  preparation  effect,  758* 

- :  - ;  cavity  ])reparation  and  zinc 

oxide  and  eugenol  effects,  698* 

JAY,  P. :  topical  fluoride;  effect  on  adults, 
73 

JENKINS,  G.  N. :  carbohydrate  refinement; 
caries,  777* 

JENSEN,  E. :  mesiodistal  crown  diameters; 

deciduous  and  permanent  teeth,  714* 
JENSEN,  J.  R. :  gingival  tissues;  effect  of 
cementing  materials,  699* 

JOHANSEN,  E. :  gingival  debris  accumula¬ 
tion;  periodontal  disease;  caries;  ham¬ 
ster,  699* 

- :  hamster  caries;  dietary  sucrose,  758* 

- :  hamsters;  caries-immune  and  suscep¬ 
tible  strains,  breeding,  757* 

- :  tooth  movement;  following  extraction; 

fluoride  effect,  756* 

JOHNSON,  M. :  caries  resistance;  hamster, 
762* 

- :  gingival  plaque;  hamster,  713* 

JOHNSON,  P.  L. :  developing  teeth;  poly¬ 
saccharide  localization,  123 

- :  pulp  calcification ;  histochemistry,  758* 

JOHNSON,  R. :  electric  conductivity;  dental 
cement;  moisture  effects,  51 
JOHNSTON,  D.  D.:  mucinous  polysaccharide 
synthesis;  sucrose;  oral  bacteria,  368 
JOHNSTON,  J,  F.:  acrylic  cement;  clinical 
evaluation,  744* 


dONKS,  M.  H.:  caries;  stwial  attitudes,  V  Id' 
JORDAN,  H.  V.:  experimental  carit*s;  anti¬ 
biotic  effe«-ts,  685* 

- :  lacdobacillus  types;  rat  mouth,  699* 

JORDAN,  S. :  wear  resistance;  artificial 
tooth  materials,  744* 

JORGENSEN,  K.  D.:  Dryopithecus  pattern; 

recent  Danes  and  Dutchmen,  195 
JOSEPH,  N.  R.:  biologic  amines;  binding 
by  connective  tissue,  684* 

- :  hyaluronidase  injection;  connective 

tissue  disaggregation  and  resynthesis, 
705* 

J.  D.  Res.  :  Contents,  iii 
- :  Report,  771 

- :  Supporting  Associates,  148,  302,  466, 

794,  930 

- :  Title  Page,  i 

AI-YEN  YEN,  P. :  mesiodistal  crown 
diameters;  deciduous  and  permanent 
teeth,  714* 

KALNINS,  V. :  collagen  maturation;  dentin; 
dihydrotachysterol  effect,  759* 

- :  pulp;  effect  of  pressure,  700* 

- :  x-ray  ionization  therapy,  759* 

KARSH  AN,  M. :  periodontosis;  methylandro- 
stenediol  effect,  767* 

- :  - ;  urinary  estrogen,  760* 

KENNEDY,  J.  J. :  connective  tissue  fibrils; 

electron  microscopy,  700* 

KENNY,  A.  D. :  parathyroid  extract  effect; 
parathyroidectomized  rats ;  calcium  re¬ 
striction;  phosphate  administration,  701* 

- :  semimicro  method;  calcium  analysis, 

714* 

Keratinous  tissues:  birds;  fish;  mammals; 
reptiles,  670* 

Keratotic  lesions:  oral  mucosa,  788* 

KERR,  A.  C. :  parotid  secretion  flow;  rate; 

continuous  recording,  784* 

KEYES,  P.  H. :  alveolar  bone  resorption; 
hamster  evaluation,  701* 

- :  periodontal  disease,  690* 

Kidney:  effect  of  sodium  fluoride  and  so¬ 
dium  oxalate,  341 

KIMBALL,  G.  C. :  periodontal  disease; 

hamsters;  experimental  production,  702* 
KIMMELMAN,  B.  B. :  fluorine  uptake; 
enamel,  702* 

- :  school  examination  figures;  analysis 

and  interpretation,  188 
KING,  J.  D.:  deposits  on  teeth;  hamsters 
and  ferrets,  650 

KING,  W.  J. :  caries;  effect  of  plaque  ad¬ 
sorbed  agents,  733* 

• - :  caries  inhibitors;  screening  method, 

703* 

KITCHIN,  P.  C.:  carbohydrate  restrictions; 
salivary  lactobacillus  counts;  eight-year 
study,  89 

■ - :  caries  indices  for  clinical  tests,  721* 

KLAPPER,  C.  E. :  caries  in  desalivated 
hamsters;  whole  milk-sorbitol  diets,  703* 
KNIGHTON,  H.  T.:  toxins;  placental  pas¬ 
sage,  703* 

KNOLL,  M.  L. :  experimental  “fusospiro¬ 
chetal”  infection;  pathogenic  compo¬ 
nents,  708* 
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KCHJHAKIAN,  C.  D.:  salivary  glands;  1 
arginase  activity;  inhibition  by  testos¬ 
terone,  760*  ' 

KOSER,  8.  A.:  lactobacilli ;  response  to  i 
thiamine,  704* 

KOZAK,  S.  F. :  dental  gold  castings;  poros¬ 
ity,  740*  ! 

KRAMER,  R.  H.:  pulp  changes;  methacry-  I 
late  resins,  782* 

KRASNOW,  F.:  I.A.D.R.  Proceedings  New 
York  Section,  October  10,  1934,  Decem¬ 
ber  1,  1954,  626  I 

- :  - .  - ,  April  27,  1955,  786  ' 

KRAUS,  F.  W.:  .salivary  ecology;  |)eroxide, 

7 04* 

KRESHOVER,  S.  .1.:  tobacco;  effect  on  epi¬ 
thelial  tissues  of  vitamin  deficient  mice, 
798  I 

- :  tooth  development;  prenatal  influence, 

705*  ‘ 

- :  toxins;  placental  passage,  703* 

KUMPULA,  J.  W. :  radiation  points  during  j 
dental  x-ray  exposure;  ionization  cham-  | 
l)er  uses,  743*  ' 

Lackey,  M.  IX:  veillonella;  antibiotic  ! 
<  effects,  705* 

Lactate:  plaque;  caries,  687* 

Lactobacilli :  carbohydrate  restrictions,  89 
- :  caries,  380,  876 

- :  - ;  oral  administration;  liainster, 

876 

- :  fluoride  effect,  728* 

- :  inhibition;  streptococci,  691* 

- :  lactic  acid  formation;  fluoridized 

enamel,  769* 

- :  metabolism;  glucose;  sodium  fluoride 

effects,  718*  i 

- :  rat  mouth,  699* 

- :  reducing  activity,  675* 

- :  salivary  counts,  724* 

- .  - ;  acid  production  culture  media, 

728* 

- :  - ;  fluoridated  water,  178 

- :  thiamine  response,  704* 

Lactones:  synthetic  calculus,  706* 

LAFFER,  N.  C.:  caries;  oral  population;  j 
hamster,  876  j 

- :  glucose  metabolism  by  lactobacilli; 

sodium  fluoride  effect,  718* 

L.VL,  J. :  adhesion  to  tooth  structure;  adhe¬ 
sive  materials,  577 

- :  direct  resin  filling  materials;  coeffi¬ 
cient  of  thermal  expansion  and  water  ] 
sorption,  589 

- :  polymethyl  methacrylate;  polymeriza-  I 

tion;  amine;  hydroquinone;  peroxide 
effect.s,  745* 
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LINN,  R.  H.;  wound  healing;  alizarin  red 
S,  707* 

Lipolytic  activity:  salivary  organisms,  709* 
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- :  - ;  corn  diet;  rats,  3(54 

- :  - ;  salivary  glands;  effect  of 

hypophysectomy,  531  i 

- :  - ;  stannous  and  sodium  fluoride;  ; 
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activity;  determination,  766* 


- :  proteolytic  enzymes;  submaxillary  and 

sublingual  glands;  rat,  915 
— — :  rat  submaxillary  gland;  proteolytic 
:ictivilv;  inorphologv;  postnatal  changes, 
729* 
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Nonmetallic  materials:  in  vitro  cellular  re¬ 
sponse,  691* 

Nucleic  acids:  developing  teeth,  670* 
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and  kidney,  341 

Oxidation:  effect  on  fluoride  storage;  caries. 
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- :  salivary  bacteria,  704* 

PERREAULT,  J.  G. :  experimental  pulpot- 
omy;  rat  incisors,  711* 
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phorus  deficiency,  225 


IXDKX 


l’lio(<K‘lasticity :  !<tnirtun*s;  stresses, 

831 

I’KtMAK,  \V.:  carii's  »*tiol(»j{y;  in  vitro 
studies,  719* 

- :  jflucose  coiireutratioii;  suli- 

stance  attack,  537  i 

- :  saliva;  carboliydrates,  764* 

Pigment:  black;  rat  enamel,  754* 

Pituitary  gland:  irradiation,  789* 
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studies,  719*  1 

- :  glucose  concentration;  tooth  substance  ! 

attack,  537  ' 

Prenatal  influence:  tooth  development,  705*  I 
Pressure:  pulp  effects,  700*  ' 

Pressure  variations:  in  situ;  transducer  , 
system,  681* 

PROPHET,  A.  S. :  cleft  palate;  tiger,  dog 
and  man;  histology,  785* 

Prosthesis:  full  denture;  psychological  fac-  , 
tors,  683* 

Protein:  coagulants;  effects  on  inorganic 

and  organic  components  of  dentin,  503  , 

- :  deficiency;  periodontium,  723* 

- :  enamel,  780* 

- :  histochemical  method,  675* 

- :  rat  incisor;  amino  acid  content,  753* 

- :  salivary  glands,  435 

- :  tongue  mucosa,  682* 

Proteolysis:  determination;  axocoll  sub¬ 

strate,  766* 

- :  submaxillary  gland;  rat,  729* 

- :  submaxillary  and  sublingual  gland; 

rat,  915 

Protozoa:  rotifera;  sodium  fluoride  effects, 
734* 

PRUZANSKY,  S.:  mandible  posture  con¬ 
trol;  head  rotation,  720* 

Psychologic  factors:  full  denture  prosthesis, 
683* 

Puberty:  gingiva,  679,*  750* 

Pulp:  adrenal  hormone  unbalance;  dentin 
deposition,  761* 

- :  bacteriology,  755* 

- :  calcification;  histochemistry,  758* 

- :  cavity  preparation,  758* 

- :  chaml)er;  bacteria,  755*  •  ’ 

- :  exposure;  bridging,  697* 


!)4r) 

— :  - ;  ex{M>riniental;  hamster,  720* 

— :  tilling  material  effwt,  854 
— :  fnM'zing  storage  twhnics,  729* 

— :  glucose-6-PO,;  dehydrogenase,  683* 

— :  methacrylate  resin  effect,  782* 

- :  oxygen  consumption,  921 

- :  paraformaldehyde  effect,  608 

- :  pressure  effect,  700* 

- :  protection;  silicone,  718* 

- :  proteins,  445 

- :  regeneration;  monkey's  teeth,  786* 

- :  vascularity;  caries,  674* 

- :  zinc  oxide  and  eugenol  effect,  698* 

Pulpotomy:  exp«*riniental ;  rat  incisors,  711* 
Punched-card  recording:  caries,  680* 
Pyridoxine  deficiency:  perio<lontitis ;  Aureo- 
mycin;  effects,  782* 

Pyrimidine:  teetli;  sperm  whale,  820 
Pyruvic  acid:  oxidation;  salivary  micro¬ 
flora,  751* 

Quigley,  M.  B. :  experimental  pulp  ex¬ 
posure;  liamster,  720* 

RADIATION:  intensity;  diaphragm  effect, 
763* 

- :  points;  x-ray  exposure,  743* 

RADIKE,  A.  W. :  anticariogenic  effect; 
stannous  and  smlium  fluoride;  dentifrice, 
714* 

- :  caries  indices  for  clinical  tests,  721* 

Radioactive  calcium:  12,  217 
Railioactive  iodine:  sodium  fluoride  effects 
on  thyroid,  470 

- :  traumatized  rat  molars,  669* 

Radioactive  nitrogen:  proteins;  muscle  oral 
mucosa;  pulp,  445 

- :  salivary  gland  metabolism,  435 

Radioactive  phosphorus:  rat  teeth  and  bone; 

phosphorus  deficiency,  225 
Radioactive  substances:  dentin,  28,  674* 
Radiology:  upper  molar  region;  limitations, 
730*  (See  also  x-ray) 

RAE,  J.  J. :  salivary  ammonium  production, 
679,*  886 

Rat:  caries-susceptibility,  727* 

- :  maxilla;  growth  pattern,  713* 

- :  oral  lactobacilli,  699* 

- :  rice;  periodontal  studies,  692* 

- :  squamous  mandibular;  articulation: 

development,  751* 

RATHKAMP,  H.:  pressoreceptive  sensi¬ 
bility;  teeth,  287 

Reattachment:  periodontium,  164,  569 
REID,  J. :  saliva;  carbohydrates,  764* 
Replanted  teeth:  periodontal  filler  reattach¬ 
ment,  569 

Replica  studies:  enamel,  785* 

Reptiles:  keratinous  tissue,  670* 

Resin  cements:  746* 

Resin  filling  materials:  589 

- :  bonding  to  dentin,  739* 

- :  light-induced  changes;  s|H‘ctrophotom- 

etry,  741* 

- :  posterior  teeth,  746* 

- :  proi)erty  variations,  740* 

- :  pulp  effects,  782* 
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Kt'siii^  filin-foriiiiiiti  materials;  hoiuliiiff,  73S* 

- :  teeth;  wear  testing  equipment,  741* 

Kestorative  material:  7.‘18*  (See  also  amal- 
jjam,  im'tliaervlate,  resins,  ete. ) 
|{iriIAKl)S,  A.  (>.:  skin  erythema;  x-ray 
radiation,  100 

HICIIAKDSON,  A.  V.:  blood  How  rate; 

vascular  tone;  fluorides,  47(S 
KIKHA,  M.;  tooth  flora;  technic,  7S;i* 
KING,  C.  E. :  infrared  absorption  spectra; 
enamel,  085* 

KOHINSON,  11.  B.  G. :  caries  indices  for 
clinical  tests,  721* 

- :  Editor's  Viewpoint,  1,  140,  303,  407, 

029,  795 

- :  T.A.D.R.  Proceedings,  660 

ROltlNSON,  I.  B.:  sarcoma;  experimental 
production;  methyl  methacrylate,  721* 
ROGOSA,  M.:  vellonella;  nutrition,  721* 
ROMINGER,  \V. :  hyaluronidase  injection; 
coniuH'tive  tissue  disaggregation  and 
resynthesis,  705* 

ROSE,  E.  E. :  adh(*sion  to  tooth  structure, 
577 

- :  direct  resin  filling  materials;  co¬ 
efficient  of  thermal  (*xpansion  and  water 
sorption,  589 

- :  polymethyl  methacrylate;  polymeriza¬ 
tion;  amine;  hydroquinone  and  peroxide 
effects,  745* 

- ;  wear  resistance;  artificial  tooth  ma¬ 
terials,  744* 

ROSEBURY,  T.:  bacterial  interaction; 

quantitative  characterization,  731* 

- :  j>eriodontal  disease;  tlu'ory,  722* 

ROSEN,  S. :  caries  resistant  and  susceptible 
rats;  oral  microbiology,  113 
ROSSMAN,  S.  R.:  clinical  diagnosis  and 

histopathological  findings;  periapical 
areas;  correlation,  692* 

Kotarv  cutting  instruments;  tissue  response, 
693* 

Rotating  diamond  instruments:  742* 
Rotational  speed;  cavity  preparation,  746* 
ROTH,  G. :  collagenase  activitv;  plate  meth¬ 
od,  722* 

ROTH,  L.  H.:  achromycin  and  hydrocor¬ 
tisone;  conddnation ;  therapy,  765* 

Root  canal:  bacteria,  755* 

- :  instrument;  sterilization,' 716* 

ROWLES,  S.  L. :  deposits  on  teeth;  ham¬ 
sters  and  ferrets,  650 

- histological  technics;  obs<‘rvations, 

778* 

RUPP,  N.  \V. :  mucosal  surface  contour;  im¬ 
pressions;  casts  and  denture,s;  measure¬ 
ments,  745* 

RUSHTON,  M.  A.:  Aureomycin  ilietary; 
dental  effects,  765* 

RUSSELL.  K.  L. :  caries  inhibitors;  screen¬ 
ing  method,  703* 

RYGE,  G. :  dental  gold  castings;  porositv, 
740* 

- :  hygroscopic  expansion,  745* 

SALAM ANDt^R  :  notochord ;  t  u  m  o  r  s ; 

lathyrus  factor,  707* 

Saliva:  adenosintriphosphate;  caries,  753* 
- :  amino  acids;  chromotography,  248 


I  - :  ammonium  proiluction,  679*,  886 

i  - :  antibacterial  activitv,  737* 

■  - :  bacteria,  89,  178,  704,*  709,*  724,* 

737,*  751,*  752* 

- :  bi(dogically  active  fraction;  extrac- 

ti«tn,  695* 

- ;  buffer  systems,  387,  516 

- :  calcium,  104 

- :  carbohvd rates,  764* 

- :  caries,"  239,  387,  690,*  703,*  753* 

- :  collwtion;  separate;  submaxillary  and 

sublingual,  257 

- :  components,  678* 

I  - :  desalivation;  caries,  239,  672,*  703* 

!  - :  flow  rate,  678,*  784* 

- :  fluoride,  178,  668* 

- :  glucose  degradation,  752* 

!  - :  lactobacillus  counts,  89,  178,  724* 

I  - :  lipolytic  and  esterolytic  activity,  709* 

- :  magnesium,  104 

I  - :  methyl  red  glucose  rinse  test,  724* 

1  - :  nonprotein  nitrogen;  caries,  716* 

i  - :  oxidation-reduction  potentials,  752* 

I  - ;  oxygen,  751,*  752* 

- :  parotid  gland  secretions,  678,*  784* 

- :  pH;  rodents,  765* 

^  - :  phosphatase,  677,*  696,*  760* 

- :  pyruvic  acid  oxidation,  751* 

- :  sediment;  metabolic  activity,  784* 

Salivarv  gland :  arginate  activitv;  inhibition, 
760* 

- :  desalivation;  caries  incidence,  239 

^  - :  - ;  histochemistry;  adrenal  cortex, 

I  672* 

I  - :  hormonal  influen<*«>;  rat,  727* 

I  - :  hypophysectomy  effwt,  531 

i  - :  irradiation,  4 

- :  postnatal  changes;  rat,  729* 

- :  protein  nudabolism,  435 

:  - :  secretion;  stimulation,  725* 

- :  sublingual;  proteolvtic  enzvme;  rat, 

915 

I  - :  submaxillarv ;  experimental  tumors, 

729* 

- :  - ;  glucose-6-PO, ;  dehydrogenase, 

683* 

- :  - ;  proteolytic  enzyme,  915 

- :  tumors,  672,*  729* 

S.\LLEY,  .1.  ,T. :  mineral  oil  solvent  for  9, 
10-dimethyM,  2-benz-athracene,  723* 

I  S.\N1)LER,  H.  C. :  periodontium;  protein 
!  deprived  rats;  irritation  effects,  723* 

;  Sarcoma:  experimental  production;  methyl 

methacrylate,  721* 

Sarcosinate:  caries,  733,*  768* 

- :  effwt  on  pH  fall,  755* 

I  HARNAS,  K.  V.:  young  pre-Columbian 

Indian  skulls;  dentition,  724* 
S.\RTORE,  .7.:  direct-filling  resins;  light- 
I  induced  changes;  spectrophotometry,  741* 

:  SAUSEN,  R.  E. :  dentin  electrophoresis; 

!  radioactive  calcium,  12 

SAVARA,  B.  S. :  caries;  so<*io-economic 

I  level;  food  habits;  toothbrushing,  870 

!  - :  Chicago  children;  caries;  gingivitis; 

malocclusion,  546 

'  - :  pituitary  gland  irradiation;  kittens, 

789* 
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- :  salivary  lactul>a('illus  counts;  iiictliyl 

red  jjlucose  rinse  test,  724* 

- :  silicone  compounds,  788* 

SCHERP,  II.  W. :  ehondrosulfatase;  produc¬ 
tion;  microorganism  from  gingival  crev¬ 
ice,  725* 

- :  hvaluronidase;  pro<luction  l»y  strepto¬ 
cocci  from  gingival  crevice,  724* 
SCHMIDT,  E.  G. :  lactohacilli ;  reducing 
activity,  675* 

S<dinell,  R.  ,T.;  elei-tric  conductivity;  dental 
cement,  51,  597,  839 

SCHNEYER,  C.  A.:  saliva  collection;  maxil¬ 
lary  and  sublingual,  257  ■ 

- :  salivary  gland  se«‘retion  rate;  ]mirs;  ' 

stimulation,  725* 

- :  salivary  pH;  rodents,  765* 

School  examination  figures:  analysis  and 
interpretation,  188 

SCHOONOV?]R,  1.  C. :  acrylic  resins; 

crazing,  306 

- :  amalgam;  mercury  diffusion;  surfa<‘e 

stability;  x-ray  diffraction,  744* 

- :  hygroscopic  expansion;  dental  cast¬ 
ing  investments,  44 

SCHOUBEE,  P.  J. :  dental  resin  cements; 

direct-filling  resins;  posterior  teeth,  746* 
SCHOUR,  I.:  l)one  resorption;  normal  and 
la  implants,  689* 

- :  expt*rimental  cavity  preparation;  rat 

molar,  429 

- :  experimental  pulpotomv;  rat  incisors, 

711* 

- :  - ;  effe«-ts  on  teeth,  757* 

- :  filling  materials;  effect  on  rat  pulp, 

854 

- :  osteoclasts;  morphology  and  histo¬ 
chemistry,  671* 

- :  paraformaldehyde;  pulp  effects,  608 

- :  pulp;  cavity  preparation;  zinc  oxide 

ami  eugenol  effwts,  698* 

- :  - ;  effect  of  cavitv  preparation, 

758* 

- :  reparative  dentin;  rat  molar;  fornm- 

tion  and  quality,  734* 

SCHULTZ-HAUDT,  S.  D.:  ehondrosulfatase 
production;  microorganism  isolated  from 
gingival  crevices,  725* 

- :  hvaluronidase;  production  by  strepto¬ 
cocci  from  gingiral  crevices,  724* 
SCHUMAX,  E.  L. :  microstructure;  chim¬ 
panzee  teeth;  comparative,  725* 
SCHWARTZ,  A.:  selective  desalivation: 

dental  caric^s  incidence,  239 
SCHWARTZ,  M.  L. :  amalgam  restorations; 
residual  mercurv;  compression  strength, 
747* 

SCHWEINSBIIRGER,  R.  A.:  stannous 

fluoride  dentifrice;  urinary  fluorine 
levels,  726* 

Sclerosis:  dentin;  radioisotojM's,  674* 
SCOTT,  .T,  H.:  cleft  palate;  dog;  man; 
tiger;  histology,  785* 

SCOW,  R.  W. :  calcium  deposition;  tibia; 
fluorine  effwts,  707* 

- :  fluorine  deposition;  tibial  segments; 

rat,  737* 

Screening:  caries  inhibitors,  703* 


SCRIVENER,  C.  A.:  caries  prevention;  bac¬ 
terial  antagonism,  726* 

SCRIMSHAW,  X,  S.:  Guatemalan  villages; 

nutrition;  dental  findings,  390 
SEELIG,  A.:  antibiotics  and  enzymes; 

topical  application,  786* 

SEMMELMAX,  .T.  O. :  craze  test;  dental 
plastics,  741* 

- :  porcelain  tooth  porosity;  measure¬ 
ments,  746* 

Sensory  responses:  oral  tissues,  688* 

Setting  nie<‘hanism:  zinc  oxide  and  eugenol, 
740* 

SHAFER,  W.  G.:  androgens  and  •‘strogens, 
661 

- :  castration;  desalivntion ;  sex  hor¬ 
mones,  889 

- :  <lesalivation ;  efF**ct  on  adrenal;  testes; 

uterus,  910 

- :  salivary  glands;  eff»*<*t  on  hypophysec- 

tomy,  531 

- :  - ;  hormonal  influence,  727* 

SHAW,  ,T.  H. :  alloxan  diabetes;  caries; 
incidence;  rat,  716* 

- :  calcifying  bone  and  dentin;  vital 

staining,  452 

- :  caries-susceptibility;  laboratory  rat 

strains,  727* 

SHAW,  .T.  H.:  periodontal  studies;  rice  rat, 
692* 

- :  sehn-tive  desalivation;  caries  incidence, 

239 

SHEMILT,  H.  M.:  saliva;  ammonia  pro«luc- 
tion,  886 

SHEPHARD,  S.  L. :  enamel  rod;  direction; 

primary  molars;  cavity  preparation,  787* 
SHEPS,  M.  C. :  semimicro  method;  calcium 
analysis,  714* 

SHI  ERE,  F.  R.:  masticatorj'  function; 
adolescents,  318 

SlllOTA,  T.:  lactobacilli ;  effe<‘t  of  sodium 
fluoride,  728* 

SHKLAIR,  T.  L. :  salivary  phosphatase 
activity;  caries,  677* 

- :  - ;  variations,  69(5* 

- :  topical  fluoride;  effect  on  a<lults,  73 

SHKLAR,  G. :  estrogen  hormone  administra 
tion;  alveolar  bone  effect;  mice,  766* 
SILRERKWEIT,  M.:  filling  materials: 

effect  on  rat  pulp,  854 
Silicate  fillings:  pulp  protection,  718* 
Silicofluoride:  750,*  761*  (See  also  fluorine  i 
Silicone:  compounds,  788* 

- :  pulp  protection,  718* 

SINGER,  L. :  calcified  tissue;  composition, 
728* 

!  Skin:  erythema;  x-ray  radiation,  100 
I  SKINNER,  E.  W.:  cavity  preparation;  rota- 
j  tional  speed,  746* 

I  SLACK,  G.  L. :  stannous  fluoride  solution; 
topical  application;  dental  caries,  785* 
SNYDER,  M.  L. :  lactobacillus  counts;  acid 
production;  culture  media,  728* 

- :  mucopolysaccharitle  synthesis;  su¬ 
crose;  oral  bacteria,  368 
So«MO-economic  level:  caries,  870 
I  Sodium  dehydroacetate:  growth  and  gly- 
j  colysis  effects,  689* 
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Sodium  fluoride:  dentifrice;  anticariogenic 
effect,  714* 

- :  glucose  metabolism,  718* 

- :  protozoa;  rotifera  effects,  734* 

- :  removal  by  powdered  enanud,  350 

(See  also  fluorine) 

Sodium  lauroyl  sulfate:  caries;  rat,  768* 
SOGNNAES,  R.  F. :  caries  etiology;  in  vitro 
studies,  719* 

- :  histomorpliology  of  enamel,  767* 

- :  keratinous  tissue;  6sh;  birds;  rep¬ 
tiles;  mammals,  670* 

- :  lamprey  mouth;  histochemical  reac¬ 
tions,  132 

- - :  microstructure;  chimpanzee  teeth; 

comparative,  725* 

Spasm:  postsurgical ;  tubocurarine,  696* 
Spectra:  infrared  absorption;  enamel,  685* 
Spectrochemical :  analysis;  dentin  and 

enamel,  814 

Spectrophotometry:  direct-filling  resins; 

light-induced  changes,  741* 

- :  pyruvic  reductase;  oral  tissues,  682* 

SPEIRS,  F.  L. :  carbohydrate  refinement ; 
caries,  777* 

Spirillum  sputigenum:  709* 

SREEBNY,  L.  M. :  axocoll;  substrate; 
proteolytic  activity  determination,  766* 

- :  proteolytic  enzyme;  submaxillary  and 

sublingual  gland;  rat,  915 

- :  rat  submaxillary  gland;  proteolytic 

activity;  postnatal  changes,  729* 
STACK,  M.  V.:  enamel;  protein  and 
peptide  components;  birth,  780* 
STAHL,  S.  S. :  army  personnel;  oral  health 
conditions,  767* 

- :  periodontium;  protein  deprived  rats; 

irritation  effects,  723* 

STALEY,  C.  E. :  freezing  storage  technics; 
pulpal  changes,  729* 

STANDTSH,  S.  M. :  experimental  subniaxil- 
laiy  salivary  gland  tumors;  early 
changes,  729* 

Stannous  fluoride:  dental  caries,  714,*  785* 

- :  dentifrice,  714* 

- :  removal  by  powdered  enamel,  350 

(See  also  fluorine) 

STAPLE,  P.  H. :  gingival  capillary  circula¬ 
tion,  783* 

Statistics:  experimental  data,  691* 

- :  multivariate  data,  688* 

STEADMAN,  L.  T. :  enamel;  copper  con¬ 
tent,  209 

- :  - ;  lead  and  tin  distribution,  674* 

STEEN,  P.  M. :  ultrasonic  method;  crown 
preparations,  747* 

STEERE,  A.  C. :  calcium  deposition;  tibia; 
fluorine  effects,  707* 

STEIN,  G. :  tongue;  histopathology,  786* 
STEIN,  L. :  salivary  phosphatase  activity; 
caries,  677* 

STEPHENS,  R.  G.:  radiology;  upper  molai 
region  limitations,  730* 

Sterilization:  root  canal;  instruments,  716* 
STEWART,  J.  O. :  fluorine  storage;  drink¬ 
ing  water  fluoride  at  varying  pH,  895 
STIEFEL,  D.  J. :  gingivitis;  adolescents, 
787* 


STONE,  K. :  methyl  methacrylate;  tensile 
strengths,  740* 

Streptococci:  hyaluronidase  production,  724* 

- :  inhibition  of  lactobacilli,  691* 

Stress  lines:  Class  II  restorations,  698* 

- :  dental  structures;  photoelasticity,  831 

Succinic  dehydrogenase;  tongue  mucosa,  682* 
Sucrose:  dietary;  hamster  caries,  758* 

- :  enamel  solubility  effects,  673* 

- :  synthesis  of  mucinous  polysaccharide; 

oral  bacteria,  368 
Sugar:  cariogenicity,  736* 

SUHER,  T.:  caries;  socio-economic  level; 

food  habits;  toothbrushing,  870 
Sulfate:  radioactive;  developing  enamel,  20 
Sulfhydryl:  gingiva,  733* 

Sulfinic  acid:  derivatives;  methyl  methacry¬ 
late;  polymerization,  739* 

Supporting  Associates:  148,  302,  466 
Surface  stability:  amalgam,  744* 

Surgery:  antihistamines,  730* 

- :  tubocurarine,  696* 

SUTTON,  R.  M. :  experimental  “fuso¬ 
spirochetal”  infection;  pathogenic  com¬ 
ponents,  708* 

SWANSON,  A.  A.:  pyruvic  reductase; 
spectrophotometry;  oral  tissues,  682* 

- :  tongue  mucosa;  succinic  acid  DPN 

cytochrome  C  reductase;  cytochrome 
oxidase;  total  protein,  682* 

SWAYNE,  P. :  in  vitro  tooth  germ  culture; 

embryo  extract  effects,  706* 

SWEENEY,  W.  T. :  acrvlic  resins;  crazing, 
306 

- :  chromium-cobalt  base;  dental  alloys; 

proposed  specification,  747* 

- :  self -curing  acrylic  resins;  property 

variations,  740* 

SYMONS,  N.  B.  B. :  odontoblast ;  amelo- 
blast;  internal  enamel  epithelial  layers; 
cells,  779* 

SZMYD,  L. :  antihistamines;  oral  surgery 
evaluation,  730* 

AKUMA,  S. :  Enamel  surfaces ;  abiior- 
mal;  electron  microscopy,  152 
TAM,  J.  C. :  developing  teeth;  transplanta¬ 
tion,  322 

TAYLOR,  A.  C. :  enamel  formation;  rat  in¬ 
cisor,  676* 

TAYLOR,  D.  F. :  bacterial  interaction ; 
quantitative  characterization,  731* 

- :  chromium-cobalt  base;  dental  alloys; 

proposed  specification,  747* 

Teeth:  carbonate,  719* 

- :  characteristics;  genetics,  681* 
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the  vaccine  is  made  even  more  effective. 
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bru-nette,  [F^  f.  dim.  of  brun,  brown,  OHG. 
bnm,  brown],  1.  bru-net';  2.  bru-net';  I  a. 
Dark-hued;  having  dark  complexion,  hair 
and  eyes;  as,  a  brunette  beauty;  II  n.  1.  A 
woman  or  girl  of  dark  complexion,  eyes 
and  hair. 
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